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PREFACE. 



In revising his Plane and Spherical Trigonometry, the author has 
effected many important improvements. The attention of teachers is 
specially invited to the following features of the new work : 

1. The proofs of the functions of 0°, 90°, 180°, and 270° ; §§ 22 to 25. 

2. The proofs of the functions of 120°, 135°, etc. ; J 27. 

3. The method of finding the values of the remaining functions of an 
angle when the value of any one is given ; § 28. 

4. The proofs of the functions of (— A), and (90° + A), in terms of 
those of .4; §§ 29,30. 

5. The method of solution in the examples of §§ 34 and 35. 

6. The general demonstration of the formulae for sin (x + y) and 
cos (a; + 2/) ; § 42. 

7. The discussion of the line values of the functions, and their appli- 
cation in tracing the changes in the six principal functions of an angle 
as the angle increases from 0° to 360°; §§ 60, 61. 

8. The discussion of trigonometric equations in § 62. 

9. The solution of right triangles by Natural Functions ; see Ex. 1, 
page 54. 

10. The discussion of the ambiguous case in the solution of oblique 
triangles; §§ 117 to 120. 

11. The proof of the formulae for the values of x in the cubic equation 
x^-ax-b = 0', § 126. 

12. The geometrical proof of the important theorems of § 133. 

13. The demonstration of the formulae for right spherical triangles 
before those for oblique spherical triangles ; see Chapters XI. and XII. 

14. The reduction of the number of cases in the complete demonstra- 
tion of the fundamental theorems for spherical right triangles, to three, 
by application of the theorems of § 133 ; see § 136. 

• •  
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preface: 



15, The 5/>Iition of Q'ladiaiital and Ls-C'seeles Sp»heiieal tnsnziesi 

10- The (iWrih'riion of the amfjizuo'is ca^^^ in the sol:2t:on of ollione 
%yhHr:<'Jx\ tnan:£!*fs: If 1G5. 106: espec-iallv the mles given on pages 1«>8 
aii/i 111 for 'ifftffrmining th*:* n-iii:ber of sii^Iurions. 

At thfr eijd of Chapter XIL will be found a eolleerion of formiLlae in 
form for <y>nreDient reference. 

The revised work contains a much greater number of examples than 
the oI'J . th^-y have Jjeen selecterfl with great care, and are with few excep- 
tions ne*A', 

The rehujts liave been worked out bv aid of the author's new Six Place 
lyr^'dTiihuiU'. Tables, which contain also a Table of Natural Functions, and 
an Auxiliary Table for Small Angles. The Trigonometry can be obtained 
eitlier with or without the Tables. 

WEBSTER WELLS. 
MA(»iACHf:<KErni I»»titcte of Techxoixigt, 1896. 
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PLANE TRIGONOMETRY. 



-•oJ^Coo- 



I. TRIGONOMETRIC FUNCTIONS OP ACUTE ANGLES. 

1. Trigonometry treats of the properties and measurement of angles 
and triangles. 

In Plane Trigonometry we consider plane figures only. 

2. Definitions of the Trigonometric FunctionB of Acnte Angles. 
Let BAC be any acute angle. 




From any point in either side, as B, draw a perpendicular to the other 
side, forming the right triangle ABC. 

We then have the following definitions, applicable to either of the 
acute angles A or B: 

In any right triangle, 

The sine of either acute angle is the ratio of the opposite side to the 
hypotenuse. 

The cosine is the ratio of the adjacent side to the hypotenuse. 
The tangent is the ratio of the opposite side to the adjacent side. 
The cotangent is the ratio of the adjacent side to the opposite side. 
The secant is the ratio of the hypotenuse to the adjacent side. 
The cosecant is the ratio of the hypotenuse to the opposite side. 

We also have the following definitions : 
The versed sine of an angle is 1 minus the cosine of the angle. 
The coversed sine is 1 minus the sine. 

The eight ratios defined above are called the Trigonometric Functions 
of the angle. 

1 



2 PLANE TRIGONOMETRY. 

Representing the sides BC, CA, and AB by a, b, and c, respectively, 
and employing the usual abbreviations, we have : 



• A ^ 

sm A — — 
c 


tan A = — 
b 


sec A=^- 
b 


vers /I =1 




c 


A ^ 

COS A = — 

c 


cot A — -' 
a 


. c 
CSC A = — 
a 


covers^ = 1 


a 

-■ — • 

c 


sm B=-' 
c 


tan B = — 
a 


c 
sec B = -' 
a 


vers B = l 


a 
c 


COS B = -' 

c 


cot JB = -. 

6 


CSC jB=-- 



covers B = l 


b 
c 



3. It is important to observe that the values of the trigonometric 
functions depend solely on the magnitude of the angle, and are entirely 
independent of the lengths of the sides of the right triangle which con- 
tains it. 




— S 



(, c c 



For let B and B' be any two points in the side AD of the angle DAE, 
and draw BC and B'C perpendicular to AE. 

Then by the definition of § 2, we have 

sin A = , and sin A = 



Aii 



AB 



But since the right triangles ABC and AB'C are similar, their homol- 
ogous sides are proportional ; whence, 

BC^B'C 
AB AB'' 

Thus the two values obtained for sin A are equal. 



4. We have from § 2, 

sm A=-, cos A = -, sm 5 = -, and cos B = — 

c c c c 

Whence, a = c sin A = c cos B, and 6 = c sin B = c cos A, 
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That is, in any right triangle, either side abovt the rigJU angle is equaJ to 
the hypotenuse multiplied by the sine of the opposite angle, or by the cosine 
of the adjojcent angle. 

Again, 



tan -4 = -, cot -4 = -, tanJ3 = -, and cotJ3 = — 
baa b 



Whence, a = b tan A = b cot B, and b = a tan B = a cot A. 

That is, in any right tHangle, either side about the right angle is equal 
to the tangent of the opposite angle, or the cotangent of the adjoint angle, 
multiplied by the other side. 



5. We have from § 2, 

sin A = - = cos B. 
c 

tan A = -= cot B. 
b 



sec A = -= CSC B. 
b 

vers A = l = covers B. 



As B is the complement of A, these results may be stated as follows : 

TJie sine, tangent, secant, and versed sine of any acute angle are respec- 
tively the cosine, cotangent, cosecant, and cover sed sine of the complement of 
the angle. 

6. To Find the Values of the Other Seven Functions of an Acute Angle, 
when the Value of Any One is Given. 

1. Given esc ^ = 3; find the values of the remaining functions of A. 

B 




We may write the equation esc ^ = t- 

Since the cosecant is the hypotenuse divided by the opposite side, we 
may regard A as one of the acute angles of the right triangle ABC, in 
which the hypotenuse AB = 3, and the opposite side BC= 1. 

Whence by Geometry, AC = ^AB" - BC' = V9^^ = VS = 2^/2. 
Then by the definitions of § 2, 



sin A = -' 
3 



tsjiA = 



cos^ = 



2V2 



2V2 
cot A = 2 V2. 



sec^ = 



2V2 



vers A = l 



2V2 



covers A = l = -• 

3 3 



PLANE TRIGONOMETRY. 



2. Given vers -4 = - ; find the valu^^qf cot A. 

' o 




2 3 

Since vers A = l — cos A, we have cos A = l — vers A = l —- = -' 

5 5 

Then, in the right triangle ABC, we take the adjacent side AC = 3, 
and the hypotenuse AB = 5. 



Whence, J5C = V^^ _ ^"c" = V25 - 9 = Vi6 = 4. 

3 

Then by definition, cot A = — 

J 4 



EXAMPLES. 

In each of the following, find the values of the remaining functions : 



3. sin A = -' 
5 



4. vers A = 



V6 



5. cot ^ = — - 

24 

6. CSC A = l. 



11. Given cot ^ = ^ J ^^^ ^^^ ^• 

41 

12. Given esc ^ = — -; find cos -4. 

40 

13. Given sec J. = 5; find cot A, 



7. cos ^= 



3V3 
14 ' 



8. covers ^= 



17 



9. sec-4=a;. 



10. tan-4=— 
a 



21 



14. Given cos ^=—; find esc A 

16. Given tan ^= ; find sec A 

7 

16. Given sin ^=-; find tan A 



7. Functions of 45°. 




Let ABC be an isosceles right triangle, AC and BC being each equal 



tol. 



Then Z^ = 45°, and AB=^AC' + BC' = -\/l + 1=^/2, 
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Whence by definition, 

sin45° = — = -V2. 

V2 2 

cos45°=— =iV2. 
V2 2 

tan 45° = 1. 
cot 45° = 1. 



sec 45° 
CSC 45° 



V2. 
V2. 



vers45° = l-|V2 
covers 45° = 1 — - V2 



2-V2 
2 

2-V2 



a Fimctions of 30° and 60°. 




Let ABD be an equilateral triangle having each side equal to 2. 

Draw AC perpendicular to BD. 

Then by Geo metry, BC= iBD = l, and Z BAC = | Z .BJLD = 30°. 

Also, ^c = v^^_5c'=vr^=V3. 

Then by definition, in the right triangle ABC, 



sin 30° = - 

2 



cos 30° = 



V3 



= cos 60' 



= sin 60' 



tan 30° = — = - V3 = cot 60°. 
V3 3 

cot 30° = V3 = tan 60°. 



sec 30°=— =^V3 = CSC 60°. 
V3 3 



CSC 30° =2 



vers 30°= 1- 



2 



= sec 60°. 
= covers 60°. 



covers 30°=1 -i=i = vers 60°. 

2 2 
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II. TRIGONOMETRIC FUNCTIONS OP ANGLES IN 

GENERAL. 

9. In Geometry, we are, as a rule, concerned with angles which are 
less than two right angles; but in Trigonometry it is convenient to 
consider them as unrestricted in magnitude. 




Let A A " and ^'^'" be a pair of perpendicular diameters of the circle 

AA". 

Suppose a radius OB to start from the position OA, and revolve 

about the point O as a pivot, in a direction contrary to the motion of the 

hands of a clock. 

When OB coincides with OA', it has generated an angle of 90°; when 
it coincides with OA", of 180° ; with OA"', of 270° ; with OA, its first 
position, of 360° ; with OA' again, of 450° ; and so on. 

We thus see that a significance may be attached to a positive angle 
of any number of degrees. 

10. The interpretation of an angle as measuring the amount of rota- 
tion of a moving radius, enables us to distinguish between positive and 
negative angles. 

Thus, if a positive angle indicates revolution from the position OA in 
a direction contrary to the motion of the hands of a clock, a negative 
angle may be taken as indicating revolution from the position OA in the 
same direction as the motion of the hands of a clock. 

Thus, if the radius OB' starts from the position OA, and revolves 
about the point as a pivot in the same direction as the motion of the 
hands of a clock, when it coincides with OA'" it has generated an angle 
of -90°; when it coincides with OA", of -180°; with OA', of -270°; 
and so on. 

We may then conceive of negative angles of any number of degrees. 

It is immaterial which direction we consider the positive direction of 
rotation ; but having at the outset adopted a certain direction as positive, 
our subsequent operations must be in accordance. 



TRIGONOMETRIC FUNCTIONS OF ANGLES IN GENERAL. 7 

U. The fixed line OA from which the rotation is supposed to com- 
mence, is called the initial line, and the rotating radius in its final position 
is called the terminal line, 

12. In designating an angle, we shall always write first the letter at 
the extremity of the initial line. 

Thus, in designating the angle formed by the lines OA and OB, if 
we regard OA as the initial line, we should call it AOB; and if we regard 
OB as the initial line, we should call it BOA. 

There are always two angles less than 360° in absolute value, one posi- 
tive and the other negative, formed by the same initial and terminal line. 

Thus, there are formed by OA and OB' the positive angle AOB' 
between 270° and 360°, and the negative angle AOB' between 0° and 
-90°. 

We shall distinguish between such angles by referring to them as 
"the positive angle AOB'" and "the negative angle AOB'," respectively. 

13. It is evident that the terminal lines of any two angles which differ 
by a multiple of 360° are coincident. 

Thus, the angles 30°, 390°, — 330°, etc., have the same terminal line. 

14. Eectangular Co-ordinates. 



a 



P,(b,a) 



a 



N 
a 

P, i-b.-a) 



O M 

a 



P4 (b,^) 



Let Pi be any point in the plane of the lines XX' and YY^ inter- 
secting at right angles at O, and draw P^M perpendicular to XX'. 

Then OM and PiM are called the rectangular co-ordinates of Pi ; 031 
is called the abscissa, and PiMthe ordinate. 

The lines of reference, XX' and YY, are called the axis of X and the 
axis of Y, respectively, and is called the origin. 

It is customary to express the fact that the abscissa of a point is b, 
and its ordinate a, by saying that for the point in question x=b and 
y = a; or, more concisely, we may refer to the point as "the point 
(b, a)," where the first term in the parenthesis is understood to be the 
abscissa, and the second term the ordinate. 



8 
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la If, in the figure of § 14, 0M= ON=b, and P^P^ and P2P3 are 
drawn perpendicular to XX' so that PiM= P2N= P^N = P^M— a, the 
points Pi, Pjj, Pg, and P4 will have the same co-ordinates, (6, a). 

To avoid this ambiguity, abscissas measured to the right of are 
considered positive, and to the left, negative ; and ordinates measured above 
XX' are considered positive, and below, negative. 

Then the co-ordinates of the points will be as follows : 

P„ (b, a) ; P2, (- ft, a) ; P3, (- 6, - a) ; P4, (6, - a). 

16. If a point lies upon XX', its ordinate is zero ; and if it lies upon 
YY', its abscissa is zero. 

17. Oeneral Definitions of the Functions. 

We will now give general definitions of the trigonometric functions, 
applicable to any angle whatever. 

Take the initial line of the angle as the positive direction of the axis 
of X, the vertex being the origin. 

From any point in the terminal line, drop a perpendicular to the axis 
of X. 

Find the co-ordinates of this point ; then, 

TJie sine of the angle is the ratio of the ordinate of the point to its 
distance from the origin. 

The cosine is the ratio of the abscissa to the distance. 
The tangent is the ratio of the ordinate to the abscissa. 
The cotangent is the ratio of the abscissa to the ordinate. 
TJie secant is the ratio of the distance to the abscissa. 
The cosecant is the ratio of the distance to the ordinate. 

18. We will now apply the definitions of § 17 to finding the functions 
of the angles XOP2, XOP3, and XOP4 in the following figures : 



P,{-b,a) 





Pa(rbra) ^f 




PA{h-a) 



Let P2, P,, and P4 be any points on the terminal lines OP2, OPs, and 
OP4, and draw P^M, P^M, and P^M perpendicular to XX'. 

Let P2M = P^M = P^M = a, OM=b, and OP^ = OP^ = OP^ = c. 



\ 
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Then the co-ordinates of P^ are (—6, a); of Pg, (—6, —a); of P4, 
(6, - a). . 

T^Tience by definition, 

sinX0P2 = -- sinX0P3 = ^^ = --- sin XOP, = ^=-^ = - -• 

c c c c c 

COS XOP2 = — =--. COS XOP3 = — = --. cosXOP4 = -- 

c c c c c 

tan XOP2 = -^ = - -. tan XOP3 = ^^^ = -. tan XOP4 = ^^ = - ?. 
-6 6. ' _5 6 * 6 6 

cotXOP2 = — = --. cotXOP3 = — = -. cotXOP4 = — = --• 

a a —a a —a a 

sec XOP2 = -^ = - -. sec XOP3 = -^ = - -. sec X0P4 = r 
— 6 6 — oh 

CSC XOP2 = -. CSC XOP3 = -^ = - -. esc XOP4 = -^ = - -. 

a — a a —a a 

Note 1. The definitions of § 17 are seen to include those of § 2. 
The definitions of the versed sine and coversed sine, given in § 2, are sufficiently 
general to apply to any angle whatever. 

Note 2. In all the figures of the present chapter, the small letters will be under- 
stood as denoting the lengths of the lines to which they are attached, without regard 
to their algebraic sign. 

19. If the initial line of an angle coincides with OX, and its terminal 
line lies between OX and OY, the angle is said to be in the^rs^ quadrant; 
if the terminal line lies between O Y and OX', the angle is said to be in 
the second quadrant; if between OX' and OY, in the third quadrant; if 
between Y and OX, in the fourth quadrant. 

Thus, any positive angle between 0° and 90°, or 360° and 450°, or any- 
negative angle between — 270° and — 360°, is in the first quadrant ; any- 
positive angle between 90° and 180°, or 450° and 540°, or any negative 
angle between — 180° and — 270°, is in the second quadrant. 

20. It follows from the definitions of § 17 that, for any angle in the 
first quadrant, all the functions are positive. 

It is also evident by inspection of the results of § 18 that: 

In the second quadrant, the sine and cosecant are positive, and the cosine, 
tangent, cotangent, and secant are negative. 

In the third quadrant, the tangent and cotangent are positive, and the sine, 
cosine, secant, and cosecant are negative. 

In the fourth quadrant, the cosine and secant are positive, and the sine, 
tangent, cotangent, and cosecant are negative. 
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It is usual to express the above in tabular form, as foUows 



Functions. 


First 
Quad. 


Second 
Quad. 


Third 
Quad. 


Fourth 
Quad. 


Sine and cosecant 

Cosine and secant 

Tangent and cotangent .... 


+ 


+ 


+ 


+ 



Since the terminal lines of any two angles which differ by a mul- 
tiple of 360° are coincident (§ 13), it is evident that the trigonometric 
functions of two such angles are identical. 

Thus, the functions of 50°, 410°, 770°, - 310°, etc., are identical. 

22. Functions of 0° and 360°. 



o 



a PiO'.o) 



TT 



The terminal line of 0° coincides with the initial line OX. 
Let P be a point on OX such that OP = a. 
Then by § 16, the co-ordinates of P are (a, 0). 
Whence by definition, 



sinO° = - = 0. 
a 

cosO° = - = L 
a 



tanO° = 5 = 0. 
a 

cotO°=- = oo. 




secO° = - = l. 
a 

CSC 0° = - = 00. 







By § 21, the functions of 360° are the same as those of 0°. 



23. Fonctions of 90°. 



o 



-P (0,a) 



T--— 



-X 



Let P be a point on OF such that 0P= a. 
Then the co-ordinates of P are (0, a). 
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Whence by definition, 



N 



sin90° = - = l. 
a 

cos 90^ = 5 = 0. 
a 



24. Functions of 180' 



tan 90° = 



a 

= "^- 



cot 90° = - = 0. 
a 





Y 


Tpr- 


, a/ 


^18 


JL 


P(HD^^O) 


O 



sec 90° = ^ = Qo. 


CSC 90° =55 = 1. 

a 



Let P be a point on OX' such that OP = a. 
Then the co-ordinates of P are (—a, 0). 
Whence by definition, 



sin 180° = - = 0. 
a 

COS 180° = ^H^ = - 1. 
a 



tan 180° = — = 0. 
— a 

cot 180° = ^ = 00. 



sec 180° = -^ = -1. 
— a 

CSC 180° = ^ = 00. 




25. Fanctions of 270°. 




Let P be a point on Oy such that 0P= a. 
Then the co-ordinates of P are (0, — a). 
Whence by definition, 



sin270° = ^::^ = -l. 
a 

cos 270° = - = 0. 
a 



tan 270° = — ^ = oo. 


cot 270° = — = 0. 

— a 



sec 270° = ^ = 00. 


CSC 270° = -^=-1. 
— a 



Note. No absolute meaning can be attached to such a result as cotO^ = oo ; it 
merely signifies that as an angle approaches 0°, its cotangent increases without limit. 
A similar interpretation must be given to the equations cscO^= oo, tan 90^= oq, etc. 
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26. The results of the last four articles may be conyeniently expressed 
in tabular form as follows : 



Angle. 


Sin. 


Cos. 


Tan. 


Cot. 


See. 


Csc. 


0° 





1 





00 


1 


00 


90° 


1 





oo 





00 


1 


180° 





-1 





00 


-1 


00 


270° 


^1 





00 





00 


-1 


360° 





1 





00 


1 


00 



27. Fnnctioiui of 120°, 135°, 150°, etc. 




Let 0PM be a right triangle having OP, OM, and PM equal to 2, 1, 
and V3, respectively, and Z POM= 60°. (Compare § 8.) 

Then Z XOP= 120°, and the co-ordinates of P are (- 1, V3). 
Whence by definition, 

V3 



sin 120° = 



cos 120° = - ^- 



tanl20° = -V3. 

cot 120° = L = _lV3. 

V3 3 



sec 120° = - 2. 



csc 120° = -^ = I V3. 



V3 3 



In like manner may be proved the remaining values given in the fol- 
lowing table, which are left as exercises for the student : 



Angle. 


Sin. 


Cos. 


Tan. 


Cot. 


(Sec. 


(7«c. 


120° 


iV3 


-i 


-V3 


.dr" 


-2 


|V3 


135°. 


4V2 


-iV2 


-1 


-V2 


V2 


160° 


\ 


-iVS 


-iV5 


"^^3 


-|V3 


2 


210° 


-\ 


-iV3 


iV3 


V3 


-|V3 


-2 


226° 


-iV2 


-iV2 


1 


1 


-V2 


-V2 


240° 


-iV3 


-i 


V3 


iV3 


-2 


-|V3 


300° 


-iV3 


i 


-V3 J 


-iV3 


2 


-|V3 


316° 


-iV2 


iV2 


-1 


-1 


V2 


-V2 


330° 


-i 


iV3 


-iV3 


-V3 


|V3 


-2 
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28. Gfiven the value of one function of an angle, to find the values of the 
remaining functions. (Compare § 6.) 

3 

1. Given sin A = — ; find the values of the remaining functions of A. 

5 

The example may be solved by a method similar to that of § 6; since 

the sine is the ratio of the ordinate to the distance, we may regard the 
point of reference as having its ordinate equal to — 3, and its distance 
equal to 5. 

There are two points, P and P', which are 3 units below the axis of 
X, and distant 5 units from O. 




P'(4,-3) 



There are then two angles, XOP and XOP\ in the third and fourth 
quadrants, respectively, either of which may be the angle A. 

Now, OM = OW = V oF - PM^ = V25 -9 = 4. 

Then the co-ordinates of P are (—4, — 3) ; and of P\ (4, — 3). 

Whence by definition : 



Angle. 


Cos. 


Tan. 


Cot. 


Sec. 


Csc, 


XOP 
XOP' 


4 
5 

4 
5 


3 
4 

3 
4 


4 
3 

4 
3 


5 
4 

5 
4 


5 
3 

5 
3 



/ 




Thus the two solutions to the problem are : 

cos A = T-, tan A = ±-, cot A = ±-, sec ^ = T j, csc -4 = — ~ ; 

where the upper signs refer to XOP, and the lower signs to XOP' 

2. Given cot A = S', find the values of the remaining functions of A. 

3 — 3 

The equation may be written either cot A = -, or cot A = — -• 



r 
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We may then regard the point of reference as having its abscissa 
equal to 3 and its ordinate equal to 1, or as having its abscissa equal to 
— 3 and its ordinate equal to — 1. 

There are two angles, XOP and XOP', in the first and third quad- 
rants, respectively, either of which satisfies the given condition. 



P(3, 1) 




P'(-3,-l) 



Then 0P= OP' = ^0M^ -^ pM^ = V9Tl=VT0. 

Whence by definition : 



Angle. 


Sin. 


Cos. 


7'an. 


Sec. 


Csc. 


XOP 
XOP' 


1 

VlO 

1 
VlO 


3 

VlO 

3 

Vio 


1 
3 

1 
3 


Vio 

3 

VlO 

3 


VlO 
-VlO 



Thus the two solutions are : 



sin^=± — z=r, cosJ.= ± — =^, tan^=-, sec^=±^^^- — , esc ^=± VlO. 
VIO VlO 3 3 

Note. It must be clearly borne in mind, in examples like the above, that the 
"distance" is always positive. 

EXAMPLES. 
In each of the following, find the values of the remaining functions : 

11. tan^ = — 7. 

12. CSC A = 3. 

13. cos A — — 

b 

14. cot A = x. 



3. 


sec A — -' 
4 


7. 


CSC A- -- 

7 


4. 


4- A 12 
cot A = 

5 


8. 


tan^ = — 
40 


5. 


. . 15 
sm A =- — 

17 


9. 


sec A — 

2 


6. 


cos A — — -—' 
29 


io. 


sin A — — — 
5 
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29. Functions of (—A) in terms of those of A. 

Y 

P P 




Fig. 1. 





Fig. 8. 

There may be four cases : A in the first quadrant (Fig. 1), A in the 
second quadrant (Fig. 2), A in the third quadrant (Fig. 3), or A in the 
fourth quadrant (Fig. 4). 

In each figure, let the positive angle XOP represent the angle A, and 
the negative angle XOP' the angle — A. 

Draw PM perpendicular to XX', and produce it to meet OP' at P'. 

In the right triangles 0PM and OP'M, the side OM is common, and 
Z POM= Z P'OM. 

Hence, the triangles are equal, and PM= P'M and 0P= OP'. 

Then in each figure, 

abscissa P' = abscissa P, 

ordinate P' = — ordinate P, 

and distance P' = distance P. 



Then, 

ord. P' 
dist. P' 

abs. P' 



ord. P 
dist. P 

abs. P 



ord. P' 
abs. P' 

abs. P' 



dist. P ord. P' 



ord.P 

. — • 

abs. P 

abs. P 
ord. P 



dist. P' 
Whence, 
sin(— ^)= — sin A tan ( — ^) = — tan A sec(— ^) = 



dist. P' 


dist. P 


abs. P' 


abs. P 


dist. P' 


dist. P 


ord. P' 


ord.P 



sec^. 



cos (— A) = cos A. cot ( — ^) = — cot ^. esc (— A) = — esc ^ 



:}« 



/ 



/ 
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30. Functioiui of (90'' + ^) in temu of those of A. 







There may be four cases : A in the first quadrant (Fig. 1), A in the 
second quadrant (Fig. 2), A in the third quadrant (Fig. 3), or A in the 
fourth quadrant (Fig. 4). 

In each figure, let the positive angle XOP represent the angle Ay and 
the positive angle XOP^ the angle 90° + A. 

Take OP' = OP, and draw PM and P'M' perpendicular to XX\ 

Since OP is perpendicular to OP, and 03f to PM', Z POM=Z OP'M'. 

Then the right triangles 0PM and OP'M' have the hypotenuse and an 
acute angle of one equal to the hypotenuse and an acute angle of the other. 

Hence, the triangles are equal, and PM= OM and 0M= P'W. 

Then in each figure, 

ordinate P' = abscissa P, 

abscissa P' = — ordinate P, 

and distance P'= distance P. 



Then, 



ord. P' 



abs. P 



abs. P' 



ord. P 



dist. P' dist. P 


ord. P' 


abs. P 


abs. P' ord. P 


dist. P 


dist. P 


dist. P' dist. P 


abs. P 


ord. P 


ord. P' abs. P 


dist. P _ 


dist. P 



abs. P' 



ord. P 



ord. P' 



abs. P 



<A J 
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Or, sin (90° + ^)= cos A cot (90° -h ^) = - tan A ' 

cos (90° 4- ^) =- sin A sec (90° -f ^) = - esc A > (2) 

tan (90° -h ^) = - cot A. esc (90° -\- A) = sec A, . 

31. The results of § 30 may be stated as follows : 

TJie sine, cosine, tangent, cotangent, secant, and cosecant of any angle are 
equal, respectively, to the cosine, minus the sine, minus the cotangent, mintis 
the tangent, minus the cosecant, and the secant, of an angle 90° less. 

32. Functions of (90° — A) in terms of those of A. 

By § 31, sin (90° - ^) = cos (- ^) = cos A (§ 29). 

cos (90° - ^) = - sin (- ^) = sin A, / 

tan (90° -A)=z- cot (- A) = cot A 
cot (90° - ^) = - tan (- ^) = tan A. 
sec (90° - ^) = - CSC (- ^) = CSC A. 
CSC (90° — A)= sec (— -4) = sec A. 

These formulae were proved for acute angles in § 5. 

33. Functions of (180° — A) in terms of those of A, 

By § 31, sin (180° - A) = cos (90° - A) = sin A (§ 32). 
cos (180° -A)=- sin (90° -.A)=- cos A. 
tan (180° -A)=^ cot (90° - ^1) = - tan A. 
cot (180° -A) = - tan (90° -A)=- cot A. 
sec (180° -A)=- CSC (90° -A)=- sec A. 
CSC (180°-^)= sec (90° --4)= esc A 

34. By successive applications of the theorem of § 31, any function of 
a multiple of 90°, plus or minus A, may be expressed as a function of A. 

1. Express sin (270° + ^) as a function of A. 

By § 31, sin (270° -i- A) = cos (180° + A) = - sin (90° + A) = - cos A, 

If the multiple of 90° is greater than 270°, we may subtract 360°, or 
any multiple of 360°, from the angle, in accordance with § 21. 

2. Express sec (990° — A) as a function of A. 
Subtracting twice 360°, or 720°, from the angle, we have 

sec (990° -A) = sec (270° - A). 
And by § 31, sec (270° -A)=- esc (180° -A)=-csgA (§ 33). 

If the multiple of 90° is negative, we may add 360°, or any multiple 
of 360°, to the angle. 
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3. Express tan (— 180° -h ^) as a function of A, 
Adding 360° to the angle, we have 

tan (- 180° -h ^) = tan (180° -h A). 
And by § 31, tan (180° + ^) = - cot (90° 4- ^) = tan A. 

EXAMPLES. 
Express each of the following as a function of ^ : 

4. sin (180° 4-^). 9. sec (630° + ^). 14. tan (-450°-^). 

10. tan (-270°-^). 15. cos (- 900° --4). 

11. CSC (- 90° - .4). 16. sin (810°-^). 

12. cot (- 180° + ^). 17. CSC (1080° -h ^). 

13. sin (-630° 4-^). 18. sec (1260° + ^). 



5. cos (270°-^) 

6. cot (450° + -4) 

7. CSC (360°-^) 

8. tan(540°-^) 



35. By means of the theorem of § 31, any function of any angle, posi- 
tive or negative, may be expressed as a function of a certain acute angle. 

1. Express sin 317° as a function of an acute angle. 

By § 31, sin 317° = cos 227° = - sin 137° = - cos 47°. 

Since the complement of 47° is 43°, another form of the result is 
- sin 43° (§ 5). 

Note. As in the examples of § 34, 360°, or any multiple of 360°, may be added 
to, or subtracted from, the angle. 

EXAMPLES. 

Express each of the following as a function of an acute angle : 

2. cos 322°. 4. sec 559°. 6. cot (-378°). 

3. tan208°. 5. csc803°45'. 7. sin(- 139°5'). 

It is evident from the above that any function of any angle can be 
expressed as a function of a certain acute angle less than 45°. 

Express each of the following as a function of an acute angle less than 

45°: 

8. cot 155°. 10. sec 457°. 12. tan (-681°). 

9. sin 1138° 36'. 11. cos 496° 20'. 13. esc (-257°). 

14. Find the value of esc (- 210°). 

Adding 360° to the angle, we have 

CSC (-210°)= CSC 150°. 
And by § 31, esc 150° = sec 60° = 2 (§ 8). 

Eind the values of the following : 

15. cot 405°. 17. CSC 600°. 19. cos (-420°). 

16. sin 480°. 18. tan 690°. 20. sec (-225°). 



1 
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III. GENERAL FOBMULiB. 

36. It follows immediately from the definitions of § 17 that, if x is 

any angle, 

1 ._ 1 1 



sinic = 



tana; = 



cosa? = 



CSC a; 
1 

'    < 

sec a; 



cot a; = 



cotx 

1 

tana; 



sec a; = 



csca; = 



cos a? 

1 
sin a; 



(3) 



37. To prove the formula 



tana; = 



sma; 

I   

cos a; 



I. When the angle x is acute (or in the first quadrant). 




Fio. 1. 



In the right triangle ABC, let BAC be the angle x. 

^ BC 



By §2, 



. BC AB sin a; 
tana: = — - = — -- = 

AC AC cos X 
AB 



II. When X is in the second, third, or fourth quadrant. 



/ 


p ' 

N 




J 


f 


^ 



Y' 




Fig. 2. 



Fio. 8. 



(♦) 




In each figure, let the positive angle XOP represent the angle x, and 
draw P3f perpendicular to XX'. 

Then in each figure, by the definitions of § 17, 

ord. P 
ord. P dist. P sin a; 



tana; = 



abs. P abs. P cosar 
dist. P 
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38. To prove the formula 



. cos a; ,_v 

cot X = -: (5) 

sinoj 



By (3), § 36, cota? = -^ = -^(§ 37) = ?^. 

•^ ^ ^' ' tan X sm x^ ^ sin x 



cos a; 

39. To prove the formula 

sin^ X -f cos^ a; = 1. (^ 

Note. Sin^ x signifies (sin xY ; tliat is, the square of the sine of x. 

I. When the angle x is acute (or in the first quadrant). 
In Fig. 1, § 37, we have by Geometry, 



= 1. 



Dividing by ^, (D^ + (k5^ 

Then by definition, (sin xy -f (cos xy = 1. 
That is, sin^ x H- cos^ x = 1.' 

II. When X is in the second, third, or foarth quadrant. 
In each of the figures 2, 3, and 4 of § 37, we have 



PM^ + OM^ = OP. 



PM' . OM 



F2 



Dividing by OP-, ^ + ^^^ = 1. 

OP OP^ 



^ 



But in either figure, „ = sin^a;, and . = cos^aj. 

oP UP 

Whence, sin^a? + cos^ a; = 1. 

Formula (6) may be written in the forms 

sin^ a; = 1 — cos^ x, and cos^ a; = 1 — sin^ x. 

40. To prove theformulce 

sec^ a; = 1 + tan- a;, (7) 

» 

ayid csc^ x=l-\- cot^ x. (8) 

By (6), 1 = cos^ x + sin^ x, (A) 

Dividing by cos^ x, -V = 1 + ^^^4^- 

cos^a; cos^a; 

Whence by (3) and (4), sec^a; = 1 + tan^a;. 
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Again, dividing (A) by sin^ a?, we have 

1 



sin^o? 



^ , cos* a; 
sin*a? 



Whence by (3) and (5), csc^a? = 1 -|- cot* a?. 

41. To find the values of sin (x -\- y) and cos {x + y) in terms of the sines 
and cosines ofx and y. 

I. When x and y are acute, and x-^-y acute. 




Let AOB and BOC denote the angles x and y, respectively. 

Then, Z AOC =x-\-y. 

From any point C in OC draw CA and CB perpendicular to OA and 
OB ; and draw BD and BE perpendicular to OA and AC, 

Since EC and JBC are perpendicular to OA and Oi5, the angles BCE 
and ^40JB are equal ; that is, Z BCE = x. 



Now, 



But, 



and 



Whence, 
Again, 

But, 



and 



Whence, 



. . , . AC BD-\-CE BD^CE 

sin (x-\- V) =z =  = — • 

^ ^^^ OC OC OC OC 

BD BD OB 

CE CE BC 

= X = COS X sin y. 

OC BC 00 ^ 



sin (x -h y) 
cos Xx 4- y) 

OP 
OC 



sin X cos y + cos x sin y. 
OA OD - BE OD 



BE 



OC OC 

OD OB 

_X— = C0S^C0S2/, 



OC 00 



BE BE BC ' 

0C = BC''0C'=''''''''^y- 

COS (x -h y) = COS X COS y — sin x sin y. 



(9) 



(10) 
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II. When X and y axe acute, and x-\-y obtuse. 




JJ 



Let DOB and BOC denote the angles x and y, respectively. 

Then, ZDOC=x-\'y. 

From any point C in OC draw CB perpendicular to OB, and CA 
perpendicular to DO produced; and draw BD and BE perpendicular 
to OD and AC, 

Since EC and jBC are perpendicular to OD and 0J5, the angles BCE 
and Z>0-B are equal ; that is, Z BCE = x. 

rri. u ^iT • nnn ^C' BD ^ CE BD , CE 

Then by§17,sm 2)0(7= — = -^-^^^ = — + —. 



But, 



and 



Again, 



But, 



and 



BD BD OB 

= X --— = sin X cos y, 

OC OB OC ^' 

CE CE BC 

= X — - = cos X sin y. 

OC BC OC ^ 



Whence, sin (x-\-y) = sin x cos y -h cos x sin y. 

-OA OD- BE OD BE 



Gos DOC = 



OC 



OC 



OC OC 



OD OD OB 

= X — = cos X cos y, 

OC OB OC ^' 

BE BE BG 

::r^ = — 7z X — — = sm X sin y. 

OC BC OC ^ 



Whence, cos (x-^y) = cos x cos y — sin x sin y. 



42. Formulae (9) and (10) are very important, and it is necessary to 
prove them for all values ofx and y. ^- 

They have already been proved when x and y are any two acute 
angles ; or, what is the same thing, when they are any two angles in the 
first quadrant. 

Now let a and h be any assigned values of x and y, for which (9) and 
(10) are true. 
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By (2), § 30, sin [90° + (a + 6)] = cos (a -f 6), 
and cos [90° -f (a -h 6)] = — sin (a -h 6). 

Whence, by (9) and (10), 

sin [90° -|- (a + 6)] = cos a cos b — sin a sin 6, (A) 

and cos [90° + (a + &)]= — sin a cos 6 — cos a sin 6. (B) 

But by (2), § 30, cos a = sin (90° + a), and - sin a = cos (90° + a). 
Then, (A) and (B) may be written in the forms 

sin [(90° + a) + fe] = sin (90° + a) cos b + cos (90° + a) sin 6, 
and cos [(90° + a) + 6] = cos (90° -f a) cos 6 - sin (90° + a) sin 6 ; 

which are in accordance with (9) and (10). 

Therefore, if (9) and (10) hold for any assigned values of x and y, 
they also hold when one of the angles is increased by 90°. 

But they have been proved to hold when x and y are both in the 
first quadrant ; hence, they hold when x is in the second quadrant and 
y in the first. 

And since they hold when x is in the second quadrant and y in the 
first, they hold when x and y are both in the second quadrant ; and so on. 

Hence, (9) and (10) hold for any values of x and y whatever, positive 
or negative. 

43. By (9), sin [x + (— y)] = sin x cos (—y)+ cos x sin (— y) 

= sin X cos y + cos x(— sin y), by (1), § 29. 
Whence, sin (x — y) = sin x cos y — cos x sin y. (11) 

By (10), cos [x -f (— y)] = cos x cos (— y) — sin x sin (— y) 

= cos x cos y — sin x(— sin ?/). 
Whence, cos (x — y) = cos x cos y -f sin x sin y, (12) 

44. By (4), tan(a: + y)=?^5i5±i^ 

cos {x -f y) 

sin X cos y + cos a? sin v , /^^ -, ,,^v 

= ^-^-^ r-^, by (9) and (10). 

cos X cos y — sin x sin y 

Dividing each term of the fraction by cos x cos y, 

sin X cos y cos a; sin y 

/ . cos X cos V cos a cos y 

tan (a; + w) = ^ -. ^^ 

^ ^ cos a; cos y _ sin x sm y 

cos X cos y cos X cos y 

_ tan X + tan y 

1 — tan X tan y 



(13) 
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^ 



.* 



In like manner, we may prove 

1 -h tanojtany 
Again, by (5), cot (a: + y) = """^^^^^J) 

_ cos X COS y — sin a; siny 
sin a? cos y + cos a: sin y 

Dividing each term of the fraction by sin x sin y, 

cos a; cosy sin a; sin y 

. , . sin X sin y sin x sin y 

cot(aj + y) = -T ' r— ^ 

^ ^^ sin a; cosy . cos a; sin y 

sin X sin y sin x sin y 



_ cot a; cot y — 1 /. «>. 

cot y + cot X 

In like manner, we may prove 

. / V cot X cot y 4- 1 /,^\ 

cot (x — y)= ^— ! — • (16) 

^ ^^ coty-cota; ^ ^ 

45. From (9), (10), (11), and (12), we have 

sin (a 4- ft) = sin a cos b 4- cos a sin b, (A) 

sin (a — 6) = sin a cos 6 — cos a sin 6. (B) 

cos (a 4- 6) = cos a cos 6 — sin a sin &. (C) 

cos (a — b) = cos a cos b 4- sin a sin b. (D) 

Adding and subtracting (A) and (B), and then (C) and (D), 

sin (a 4- &) 4- sin (a — 6) = 2 sin a cos 6. 

sin (a 4- fe) — sin (a — b)= 2 cos a sin b. 

cos (a 4- &) 4- cos (a — b)= 2 cos a cos b. 

cos (a 4- 6) — cos (a — 6) = — 2 sin a sin 6. 

Let a + b = x, and a — b = y. 

Then, a = ^(a; 4- y), and 6 = i (a? ~ y). 

Substituting these values, we have 

sin a? 4- sin y = 2 sin ^ (a? 4- y) cos ^ (a; — y). (17) 

sin a; — sin y = 2 cos i(x + y) sin ^ (a — y). (18) 

co8aj4-cosy= 2cos^(aj4-y) cos^(aj — y)v^^ (19) 

cos X — cosy = — 2 sin ^ (a; 4- y) sin ^ (aj — y). (20) 



I 
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46. By (17) and (18), we have 

sin X + sin y _ 2 sin ^ (a; + y) cos i(x — y) 
sin 0? — sin y ~ 2 cos i(x-\-y) sin i(x — y) 

= tan ^(aj 4- y) cot ^(a; — y) 

_ tan|(a; + y) , ,3. . . 

47. By (9) and (11), we have 

sin (x + y) sin (x — y) = (sin a; cos y 4- cos x sin y) (sin a; cos y — cos a; sin y) 

= sin* a? cos* y — cos* a; sin* y 
= sin* a; (1 — sin* y) — (1 — sin* a;) sin* y (§ 39) 
= sin* X — sin* a? sin*y — sin* y -f sin* x sin* y 
= sin* X — sin* i^. (22) 

The result may also be written 

sin (fe -I- y) sin (a; — y)= 1 — cos* a: —(1 — cos*y) (§ 39) 

= cos* y — cos* X. (23) 

In like manner, we may prove 

cos {x 4- 2^) cos (x — y)= cos* x — sin* y = cos* y — sin* x, (24) 

48u Functions of 2 a;. 

Putting y = a; in (9), we have 

sin2a5 = sinajcosa^-f'-cosajsina? 

= 2 sin a? cos a;. (25) 

Putting y = a? in (10), we obtain 

cos 2 a? = cos* X — sin* x. (26) 

We also have by § 39, 

cos 2 a; = (1 — sin* x) — sin* a; = 1 — 2 sin* a?, (27) 

and cos 2 aj = cos* x—(l — cos* x)=2 cos* x — 1, (28) 

Putting y = aj in (13) and (15), we have 

tan2a! = -l*f?4-, (29) 

1 — tan*aj 

cot2a? = ^^5^~^ - (30) 

2cotaj ^ ^ 

49. Functions of ^ a;. 

From (27) PAd (28) we have, by transposition, 

2 .un*a; = 1 — cos 2 x, and 2 cos* a; = 1 + cos 2 x. 
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Putting ^35 in place of a?, and therefore x in place of 2x, we have 

2 sin^^o? = 1 — cos x, (31) 

2 cos^^a; = 1 -|- cosa;. (32) 

Again, putting ^a? in place of x in (25), 

2sin^a;cos^a;= sina;. (A) 

Dividing (31) by (A), we have, by (4), 

 J- 1 1 — cos X /-w*\ 

tan4a; = ^^. (33) 

sin a; 

Dividing (32) by (A), cot ^ a; = LiL£2i£. (34) 

sma; 

50. FunctioiLB of 3 a;. 

We have, sin 3a; = sin (2 a; + a;)= sin2a;cosa; 4- cos2a; sina;, by (9) 

= (2 sin x cos x) cos a; + (1 — 2 sin^a;) sin x (% 48) 
= 2 sina; (1 — sin^a;) -f sina; — 2 sin' a; (§ 39) 
=3sina; — 4 sin^a;. . (35) 

Also, cos 3 a; = cos (2 a; -|- a;) = cos 2 a; cosa; — sin 2 a; sin a?, by (10) 

= (2cos^a;— l)cosa;— (2sina;cosa;)sina; (§ 48) 
= 2 cos' a; — cos a; — 2 cosa;(l — cos^a;) (§ 39) 
= 4 cos' * — 3 cos X, (36) 

Again, tan 3 a; = tan (2 a; -h a;) = - — - — ^-^t — 5^^ by (13) 

1 — tan 2 X tan x 

2 tana; 



4- tana; 



1 — tan^a; , . . 

1 — I -— ) tan X 

\1 — tsm^xj 

_ 2 tan x-\-(l — tan^ x) tan a; _ 3 tan x — tan' a; 
1 — tan^ a; — 2 tan^a; 1 — 3 tan^a; 

EXERCISES. 
61. 1. Prove the relation sec^a; csc'^a; = sec^a; + csc^a;. 

By (3), sec^a; csc^a; = — - — — - = ^ , — , by (6) 

cos^^ajsm^a; cos^a;sin^a; 

sin^a; . cos^a; 



(37) 



+ 



cos^ X sin^ X cos^ x sin^ x 

-f- . ^ = sec^ X -\- csc^ X. 



cos^ X sin^ X 



/ 

/ 

i 

) 



X, 



( 
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n -o* xv 1 4." sin3aj — sina; . 

2. Prove the relation :^ = tan x. 

cos 3 05 -f cosa? 

By (18) and (19), Bin3.-sina> 2cosH3a. + «^)sin j(3.-.) ^^^ 
^^ ^ ^ "^^ cos 3 a? 4- COS 05 2 cos ^^ (3 a; -|- a?) cos ^ (3 a? — «) 

3. Prove the relation tan (a; -h y) - tan a; ^^^y 

1 -|- tan (x + y) tan x 

^ tan(a^H-y)-tana: = tan [(a: + y) - a?] = tan y. 

•^ ^ ^' l4-tan(aj + y)tanaj ""^ ^^ -■ ^ 

Prove the following relations : 

1 sin (x -j- y) _ tan x -j- tan y - cos (a? + y) _ 1 ~ tan x tan y 

sin (a; — y) tan a: — tan y ' cos (x^y) 1 -f tan a: tan y 

6. 5^£±^2il = -coti(x + j,)coti(a,-j,). 
COS aj — cosy 

7. sin (x-\-y 'j-z) = sin a; cos y cos z -\- cos 05 sin y cos 2 

-h cos x cos y sin 2 — sin x sin y sin z. 

8. cos (a; -|- y 4- 2) = cos 05 cos y cos z — sin a; sin y cos 2 

— sin X cos y sin 2; — cos x sin y sin z. 

9. tan(60^4-«)~cot(30°-a;)=0. ^g / tan a; + IV ^ 1 + sin 2 a? 

\tan x — lj 1 — sin 2 a? 

^®- — r-A ^= sec 2 A -^ sin 5 a; -h sin a; ^.^^ o^ 

csc^ ^ — 2 13. —  = tan 6 x, 

cos OX-\- cos 05 

11. !i2lf_£2i2^^3eca,. 14. siD3x-sin5a; ^^^^^ 

sin X cos aj cos 3 a? — cos 5 a; 

15. sin 4 a? = 4 sin x cos a; — 8 sin* x cos a?. 

16. cos 4 a; = 1 — 8 cos- a; + 8 cos* x, 

17. By putting a; = 45° and y = 30° in (U) and (12), prove 

sin 15° = i(V6 - V2), cos 15° = |(V6 + V2). 

18. By putting x = 30° in (33) and (34), prove 

tan 15° = 2- V3, cotl5° = 2+V3. 

19. Using the results of Ex. 17, prove 

sec 15° = V6 - V2, CSC 15° =V6-{-V2, 

20. By putting x = 45° in (31) and (32), prove 

sin 22^° = ^ V2 - V2, cos 22^° = ^ V2 + V2. 
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21. By putting x = 45° in (33) and (34), prove 

tan 22|° = V2 - 1, cot 22| = V2 -h 1. 

22. By putting a; = 22|^° in (7) and (8), and using the result of 
Ex. 21, prove 

sec 22|° = V4 - 2 V2, esc 22^'^ = V4~-f- 2 V2. 

Prove the following relations : 

23. tan (45^ + a;) - tan (45° - a) = 2 tan 2 aj. 

24. cos* X — sin* x = cos 2 x. 25. = cot i «.• 

CSC a; ■— cot x 

26. sin^ (» + y) — sin* (x— y) = sin 2 a; sin 2 y. 

27. tan (a; - y) + tan v ^ ^^ ^ 

1 — tan {x — y) tan y 

28. cos 5 ^ cos 3 -4 4- sin 5 ^ sin 3 ^ = cos 2 ^. 

29. sin {A + 5) cos {A-B)- cos (^ + .B) sin {A-B) = sin2 J5. 

on COS 3 x , sin 3 a; o i. o oo sin 4x4- sin 3 a? , , 

30. — : 1 = 2 cot 2 a;. 33. — = cot*ar. 

sm X cos X cos 3 a? — cos 4 a? 

31. sin 2 a; = -^^^5^. 34. sin 50° + sin 10° = sin 70°. 

1 -i- tan^a; 

QO o^oQ^ 1 — tan^a; qr sin a; 4- sin 2 a; 4.0 „ ^ 
o«. cos J a? = — — oO. ! —— = tan x. 

1 4- tan^ X 1 4- cos a; 4- cos 2 a; 

36. 2 cos 3 a; sin x = sin 4 a; — sin 2 a;. 

37. cos 5 a; = 5 cos a; — 20 cos'^ a; -|- 16 cos* x. 

«-j cos X cot ^a;4-l ot% ^. a 4 tan a? — 4 tan* x 

38. zi -. — = — -f — -^' 39. tan 4 X = — - — — r— 

1 — sm X cot ^ a; — 1 1 — 6 tan^ x 4- tan* x 

40. (sin X 4- cos a;) (2 — sin 2 a;) = 2 (sin' a; 4- cos^ a;). 

41. (sin X — sin i/)*4- (cos x — cos y)* = 4 sin* — ^^' 

A€% 1 4- sin a; — cos a; . , ^q sin 3 a; — cos 3 x o„- o_ 1 
435. -— ! — -, = tan \ x. 43. = 2 sin 2x — l. 

1 4- sm aj 4- cos a; sin a? 4- cos a? 
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IV. MISCELLANEOUS THEOREMS. 

52. Circnlar Measure of an Angle. 

An angle is measured by finding its ratio to another angle, adopted 
arbitrarily as the unit of measure. 

The usual unit of measure for angles is the degree, which is an angle 
equal to the ninetieth part of a right angle. 

Another method of measuring angles, and one of great importance, is 
known as the Circular Method; in which the unit of measure is the angle 
oJt the centre of a circle subtended by an arc whose length is equal to the 
radius. 

X! 




Thus, let AOB be any angle; and let AOC be the unit of circular 
measure; that is, the angle at the centre subtended by an arc whose 
length is equal to OA. 

Then, circular measure AOB = 



But by Geometry, 



ZAOC 

ZAOB ^ arc AB ^ arc AB 

ZAOC arc^C" OA 

2iTCAB 



Whence, circular measure ^ OB = _ , 

OA 

That is, the circidar measure of an angle is the ratio of its subtending 
arc to the radius of the circle. 

53. By § 52, the circular measure of a right angle is the ratio of one- 
fourth the circumference to the radius. 

But if R denotes the radius, the circumference of the circle is 2 irB. 

Whence, circular measure of 90° = ^ ^^ = -• 

R 2 

It follows from the above that the circular measure of 180° is tt ; of 
60°, - ; of 45°, ^ ; etc. 

That is, an angle caressed in degrees may be reduced to circular meas- 
ure by finding its ratio to 180°, and multiplying the result by w. 

Thus, since 115° is — of 180°, the circular measure of 115° is -^-^• 

e36 ' 36 
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54. Conversely, an angle expressed in circular measure may be reduced 
to degrees by multiplying by 180® and dividing by v ; or, more briefly, by 
substituting 180° for v. 

Thus, lZ = ^oi 180° = 84°. 
15 15 

55. In the circular method, such expressions may occur as " the angle 
I," « the angle 1," etc. 

These refer to the unit of circular measure ; thus, the angle | signifies 
an angle whose subtending arc is two-thirds of the radius. 

The angle 1, that is, the angle whose subtending arc is equal to the 
radius, or the unit of circular measure, reduced to degrees by the rule of 
§ 54, gives 

— = r^^ — = 57.2958°, approximately. 
TT 3.14159 ••• 

Then the rule of § 54 may be modified as follows : 

An angle expressed in circular measure may be reduced to degrees by 
multiplying by 57.2958°. 

Thus, the angle f = | x 57.2958° = 38.1972° = 38° 11' 49.92". 



« V 



EXAMPLES. 
56. Express each of the following in circular measure : 

1. 120°. 3. 67° 30'. 5. 86° 24'. 7. 163° 7' 30". 

2. 315°. 4. 146° 15'. 6. 53° 20'. 8. 88° 53' 20". 

Express each of the following in degree measure : 

13. I. 15. ''""^ 



9. 


Stt 






6 




• 


Up 


11 TT 



11. 


23 TT 

64 


12. 


3 

— • 



4 6 

57. Inverse Trigonometric Functions. 

The expression sin"^ x, called the inverse sine of x, or the anti-sine of 
X, signifies the angle whose sine is x. 

Thus, the statement that the sine of the angle x is equal to y t£l2,^ be 
expressed in either of the ways 

sin x = y, or x= sin~^ y. 

In like manner, cos"^ x signifies the angle whose cosine is x ; tan"* », 
the angle whose tangent is x ; etc. 

Note. The student must be careful not to confuse the above notation with the 
exponent — 1 ; the — 1 power of sinx is expressed (sinx)"^, and not sin"i«. 
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It is evident that the sine of the angle whose sine is a? is a? ; that is, 
sin (sin"^ a?) = x. 

In like manner, cos (cos""^ x) = x', tan (tan~^ ») = a; ; etc. 

58. By aid of the principles of § 57, we may derive from any formula 
involving direct functions a relation between inverse functions. 

1. From the formula tan (x + y) = ^^^^ + ^^y ^ prove 

1 — tan X tan v 



tan~* a 4- tan~^ b = tan 



-l^-for,-l «±A 



1-ab 



Let tan x = a, and tan y = b. 

Then by § 57, a? = tan"' a, and y = tan"' b. 

Substituting these values in the given formula, 

tan (tan"' a -|- tan"' b) = ;^L±A. 

Whence, tan"' a -\- tan"' b = tan"' -^^-i — 

1 — a6 

2. Prove the relation cot"' a — sec"' b = cos"'^!^-^^ ^ ~ — 

Let cot"' a = Xy and sec"' 6 = 3^. 

Then, cot x = a, and sec y = 6. 

Now, cos (x — y) = cos a; cos y -h sin a; sin y. 

To find the values of the sines and cosines of x and y, we may use the 
method of § 6. 



(A) 





In the right triangle containing the angle x, the adjacent side is a, 
and the opposite side 1 ; then, the hypotenuse is Va'* -f- 1. 

In the right triangle containing the angle y, the hypotenuse is 6, and 
the adjacent side 1 ; then, the opposite side is V6^ — 1. 

Substituting the values of cos x, cos y, sin x, and sin y in (A), we have 

. . a 1 . 1 vp^n: a-fV&^"=n: 

cos (x — y)= ' — 



+ 



VoM^ ^ Va2-j-l 



bVaFTi 



Whence, a? — v or cot"' a — sec"' b = cos"' — 
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EXAMPLES. 

3. From the formula cot2» = — , prove 

2cotx 

2 cot~^ a = cot"^ — — — 

2a 

4. From the formula cos 2 x = 1 — 2 sin^ a?, prove 

2 sin-^ a = cos"^ (1-2 a^. 

5. From the formula sin 2 a; = 2 sin x cos x, prove 



2 cos"^ a = sin"^ (2 aVl — a^. 

6. From the formula cos (a; + ;^) = cos x cos y — sin x sin y, prove 

cos"^ a 4- cos~^ 6 = cos~^ (a5 — Vl — a^ Vl — 6^. 

7. From the formula sin 3 a? = 3 sin x — 4: sin^ a?, prove 

3 sin"^ a = sin"^ (3 a — 4 a^). 

Prove the following relations : 

8. cot-^ a + cot-^ b = cot'^ ^^ ~ ^ . 

a-\-b 

9. 2 cos-^ a = cos-i (2 a* - 1). 



10. sin"^ a — sin"^ 6 = sin"^ (aVl — 6^ — 6 Vl — a^. 

11. 3 tan"^ a = tan"^ - — — — - • 

1 — 3a^ 

12. cot-i (a - 6) - cot-^ (a + 6) = cof^ ^'" ^'"^ "^ ^ 



13. sin^ a 4- cos^ b = tan^ — « 

6Vr^=^2_^y'l_^2 

14. sec~^ a — csc^ b = cos^ 

ab 



ic X -1 . _il • _ia + Va^ — 1 

15. tan^ a + cos - = sm^ — ^ — 

a a Va^ + 1 

16. tan-^-^-tan-^5^±^=tan-i-^,. 

a — 1 a 2 a- 



17. 2sin-^a = tan-^ ^'^^^~< 

1 — 2a'^ 

18. tan-^a + 2tan-i6==tan-^^^^-:^P4^ 

1 — &^ — 2 a& 
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59. The following table expresses the value of each of the six prin- 
cipal functions of an angle in terms of the other five : 



sin A 

COB A 

tan^ 
cot^ 
sec^ 
CSC A 






tan^ 


1 

VH-C0t2/| 

cot^ 




1 
csc^ 


V8ec=«^--1 
sec A 

1 

sec^ 


Vi-coB^A 


Vl+tan2^ 
1 


VCSC2^-1 
CSC^ 

1 


Vl-sm2^ 

sin^ 
Vl-sin2^ 


Vl+tan2^ 

1 
tan^ 


1 

cot^ 


Vl— co8'*-4 
cos A 

cos^ 


vsec2-4 — 1 

1 


Vcsc2.4-1 


Vl-8in2^ 
sin Jl 

1 


V1-C0S2^ 

1 

cos^ 

1 


Vsec2/!-l 
sec^ 


VCSC2^-1 
CSC^ 


Vl-\-cot^A 
cot A 


Vl-8in^^ 

1 
sin^ 


vl + tan2^ 


VCSC2^-1 


Vl + tan2^ 
tan^ 


V1-C0S2^ 


Vl + C0t2^ 


Vsec2^-1 



The reciprocal forms were proved in § 36. 

The others may be derived by aid of §§ 36, 37, 38, 39, and 40, and are 
left as exercises for the student. 

As an illustration, we will give a proof of the formula 



cos^ = 



Vcsc^^ — 1 



CSC -4 



By § 39, cos^ = Vl - sinful =^ 



csc^^ 



Vcsc^.4 — 1 
csc^ 



They may also be conveniently proved by the method of § 6 ; thus, let 

it be required to prove the formula for each of the other functions in 

terms of the secant. 

sec^ 



We have 



sec J.= 




Since the secant is the ratio of the hypotenuse to the adjacent side, we 
take AB = sec ^, and ^C = 1 ; whence, BC = '^AB^—A(f= Vsec^-^ — 1. 
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Then by definition, 
v'sec^-4 — 1 



sin -4 = 



cos -4 = 



sec -4 



sec^' 



tan A = Vsec^^ — 1, esc A = 



cot^ = 



sec -4 



Vsec^^ — 1 



Vsec^-4 — 1 



60. Line Values of the Functions. 






Pio. 4. 



Let -4 OB be any angle. With as a centre, and a radius equal to 1, 
describe the circle AB-, draw BD and AE perpendicular to XX', and CF 
perpendicular to YV, Then by § 17, the functions of AOB are : 





Sin. 


Cos. 


Tan. 


Cot. 


Sec. 


Csc. 


Fig. 1. 
Fig. 2. 
Fig. 3. 
Fig. 4. 


BD 
OB 

BD 
OB 

BD 
OB 

BD 
OB 


OD 
OB 

OD 
OB 

OD 
OB 

OD 
OB 


BD 
OD 

BD 
OD 

BD 
OD 

BD 
OD 


OD 
BD 

OD 
BD 

OD 
BD 

' OD 
BD 


OB 
OD 

OB 
OD 

OB 
OD 

OB 
OD 


OB 
BD 

OB 
BD 

OB 
BD 

OB 
BD 
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But since the right triangles OBD, OEA, and OCF are similar, and 
OA = OC = 1, we ha.ve 



OB OA ' 



OR=OE^OE, 
OD OA 



OD^CF 
BD 00 



= CF, 



OB OF ^p 



Whence, since OB = 1, the functions of AOB are : 





Sin. 


Cos. 


Tan, 


Cot, 


Sec. 


Csc 


Fig. 1. 


BD 


OD 


AE 


CF 


OE 


OF 


Fig. 2. 


BD 


-OD 


-AE 


-CF 


-OE 


OF 


Fig. 3. 


-BD 


-OD 


AE 


CF 


-OE 


OF 


Fig. 4. 


-BD 


OD 


-AE 


-CF 


OE 


-OF 



That is, if the radius of the circle is 1, 

The sine is the perpendicular drawn to XX' from the intersection of 
the circle with the terminal line. 

The cosine is the line drawn from the centre to the foot of the sine. 

The tangent is that portion of the geometrical tangent to the circle at 
its intersection with OX included between OX and the terminal line, pro- 
duced if necessary. 

The cotangent is that portion of the geometrical tangent to the circle 
at its intersection with O Y included between O Y and the terminal line, 
produced if necessary. 

The secant is that portion of the terminal line, or terminal line pro- 
duced, included between the centre and the tangent. 

The cosecant is that portion of the terminal line, or terminal line pro- 
duced, included between the centre and the cotangent. 

And with regard to algebraic signs, ^ ^ 

Sines and tangents measured above XX' are positive, and below, negctr 
five; cosines and cotangents measured to the right of YY' are positive, 
and to the left, negative ; secants and cosecants measured on the terminal 
line itself are positive, and on the terminal line produced, negative. 

The above are called the line values of the trigonometric functions. 

They simply represent the values of the functions when the radius is 
1 ; that is, the numerical value of the sine of an angle is the same as the 
number which expresses the length of the perpendicular drawn to XX' 
from the intersection of the circle and terminal line. 
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61- To trace the changes in the six principal trigonometric Junctions of 
ft angle as the angle increases from 0° to 360°. 



Let the terminal line start from the position OA, and revolve about 
the point as a pivot, in a direction contrary to the motion of the hands 
of a clock. 

Then since the sine of the angle commences with the value 0, and 
assumes in succession the values B,D„ B,D^ OC, B^D^ B^D^, etc. (§ 60), 
it is evident that, as the angle increases from (f to 90°, the sine increases 
from to 1 ; from 90° to 1 80°, it decreases from 1 to ; from 180° to 270°, 
it decreases (algebraically) from to —1 ; and from 270° to 360°, it in- 
creases from — 1 to 0. 

Since the cosine commences with the value OA, and assumes in suc- 
cession the values ODi, ODi, 0, -OD^, -OD^ etc., from 0° to 90°, it 
decreases from 1 to ; from 90° to 180°, it decreases from to — 1 ; from 
180° to 270°, it increases from —1 to 0; and from 270° to 360°, it increases 
from to 1. 

Since the tangent commences with the value 0, and assumes in suc- 
cession the values AE^, AE-a oo, — AM^ — AE^, etc., from 0° to 90°, it 
increases from to oo ; from 90° to 180°, it increases from — oo to ; from 
180° to 270°, it increases from to oo ; and from 270° to 360°, it increases 
from — 00 to 0. 

Since the cotangent commences at oo, and assumes in succession the 
values CFu CFi, 0, — OF3, — CF^, etc., from 0° to 90°, it decreases from 
00 to ; from 90° to 180°, it decreases from to — 00 ; from 180° to 270°, 
it decreases from 00 to 0; and from 270° to 360°, it decreases from to 

Since the secant commences with the value OA, and assumes in suc- 
cession the values OE,, OE^, <x>, - OE3, - 0E„ etc., from 0° to 90°, it 
increases from 1 to 00 ; from 90° to 180°, it increases from — 00 to — 1 ; 
from 180° to 270°, it decreases from - 1 to - 00 ; and from 270° to 360°, 
it decreases from 00 to 1. 
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Since the cosecant commences at oc, and assumes in succession the 
values OF,, OF^ OC, OF^, OF^, etc., from 0^ to 90^ it decreases from oo 
to 1 ; from 90° to 180% it increases from 1 to oo ; from 180° to 270°, it 
increases from — oo to — 1 ; and from 270° to 360°, it decreases from — 1 
to — oo. 

Note. Wherever the symbol oo occurs in the above discussion, it must be inter- 
preted as explained in the Note to § 25. 

62. Trigonometric Equations. 

1. Find the value of A when cos A=^\, 

We know that one value of A is 60° (§ 8). 

And since cos(- 60°)= cos 60° (§ 29), another value of A is - 60°. 
Again, by the principle of § 21, any multiple of 360° may be added to, 
or subtracted from, an angle, without altering its functions. 
Hence, other values of A are 

360° +60°, 720° +60°, -360° +60°, 360° -60°, 720° -60°, -360° -60°, etc. 

It is evident from the above that the number of possible values of A 
is indefinitely great ; and that each is in the form 

n X 360° + 60°, or w x 360° - 60° ; 

where n is 0, or any positire or negative integer. 
Using the circular notation, we have 

A = nx2'jr±'^ = 2nir±^' 

2. Find the value of A when tan A = ^ V3. 

We know that one value of A is 30° (§ 8) ; another is.l80°+30° (§ 27). 
Adding to, and subtracting from, these angles multiples of 360°, other 
values of A are 

360° + 30°, 540° + 30°, - 360° + 30°, - 180° + 30°, etc. 

It is evident from the above that all the valiies oi A are given by the 

expression 

71X180° + 30°; 

where n is 0, or any positive or negative integer. 
Or, ^ = riTT + ^. 

D 

3. Find the value of A when sin A = ^V2. 

One value of A is 45° (§ 7). 

And since sin (180° - 45°) = sin 45° (§ 33), smother value of A is 
180° -45°. 
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Adding to, and subtracting from, these angles multiples of 360®, other 
values of A are 

360° -h 45°, 540° - 45°, - 360° -|- 45°, - 180° - 45°, etc. 

It is evident from the above that all the values of A are given by the 

expression 

nxl80°-|-(-l)''45°; 

where n is 0, or any positive or negative integer. 

Or, ^ = nir + (-l)"^. 

It is evident that, to find the value of A in any equation of the above 
forms, we find any one of the values of A, and substitute it for A in the 
following expressions : 

If sin A is given, nir -|- (— 1)" A 
If cos A is given, 2 htt ± A . 
If tan^ is given, wtt -|- A, 

The rule for equations giving the value of cot A is the same as for 
tan^; for sec^, the same as for cos^; and for esc Jl, the same as for 
sin A 

EXAMPLES. 

In each of the following find the value of A : 

4. tan^=V3. 6. sin ^=^. 8. cot^=— 1. 10. cot ^=0. 

5. cos J.= — ^V3.^ 7. sec J.= V2. 9. csc^=— |V3. 11. sec^=— 1. 

63. 1. Solve the equation cos 2 A — cos A, 

By (28), 2 cos^ ^ — 1 = cos Ay or 2 cos* A — cos A = l. 

G 1 • 4.V 4.- A 1 ± VI 4- 8 1±3 ^ 1 

Solving this equation, cos A = \ = ~, =1 ^^ — «• 

If cos A=l, one value of A is 0° (§ 22), and ^=2 nir (§ &2), 

If cos ^ = - 1 one value of A is 120° (§ 27), and ^ = 2 wtt ± ?^. 

2. Solve the equation tan 2 a? = 6 tan a. 

By (29), 2tan^^g^^^ ^^^ 

1 — tan* X 

One solution is evidemtly tan a? = 0. 

In this case, one value of x is 0°, and a; = wtt (§ 62). 



V 
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Dividing (A) by 2 tan «, we have 

?— — = 3, or 1 = 3-3 tan* «, or 3 tan*aj = 2. 

1 — tan* X _ 

^^ 2 /2 

Whence, tan* « = -, or tan « = ± ^- = ± ^ VS. 

Therefore, x = tan"^ ( ± | V6) = ± tan"^ (i V6). 
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EXAMPLES. 
In each of the following find the value of x : 

3. sin « = sin 2 a;. 7. cot 2 ar -|- cot a: = 0. 

4. sin2a? + cosic = 0. 8. tan(45°— aj)H-cot(45*'-ic)=4. 

5. cos X -j- cos 3 a; = 0. 9. tan 3 a? = 5 tan x, 

6. tan 3 a? H- tan a? = 0. 10. cos x cot a? = 1. 

mn oc tan x 

64. Limiting Values of and 



X 



X 



sin X tan x 
To find the limiting values of the fractions and when x is 



X 



indefinitely decreased. 

Note. We suppose x to be expressed in circular measure (§ 62). 

P 



X 




Let OPXP be a sector of a circle. > . 

Draw PT and P'T tangent to the arc at P and P, and join OT and 
PP'. 

By Geometry, PT= P'T. 

Then OT is perpendicular to PP^ at its middle point Mj and bisects 
the arc PP at X, 

• Let Z XOP = Z XOP = a. 

By Geometry, arc PP' > chord PP', and < PTP'. 

Whence, arc PX > PM, and < PT. 



Therefore, 
Or by § 62, 



SiTcPX^PM A ^PT 
>► , and < • 

OP OP' OP ^ 

circ. meas. x > sin x, and < tan x. 
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Representing the circular measure oi x by x simply, and dividing 
through by sin x, we have 

X ^ -t tan X 1 

>1, and <-: or 



sm X sm X cos x 

Whence, < 1, and > cos x. 

x 

But when x is 'indefinitely decreased, cos a; approaches the limit 1 
(§ 22). 

Hence, approaches the limit 1 when x is indefinitely decreased. 

, . tan X sin x sin x 1 
Again, = = X 



X X cos X X cos X 

sin X 1 
But and approach the limit 1 when x is indefinitely 

X cos X ^'^ ^ 

decreased. 

tan X 
Hence, approaches the limit 1 when x is indefinitely decreased. 

X 



f 
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V. LOGARITHMS. 

65l Every positive number may be expressed, exactly or approxi- 
mately, as a power of 10. 

Thus, 100 = 10*; 13 = 10^^^««" ; etc. 

When thus expressed, the corresponding exponent is called its Loga- 
rithm to the Base 10. 

Thus, 2 is the logarithm of 100 to the base 10 ; a relation which is 
written logjo 100 = 2, or simply log 100 = 2. 

66. Logarithms of numbers to the base 10 are called Common Logo- 
rithms, and, collectively, form the Common System, 

They are the only ones used for numerical computations. 

Any positive number, except unity, may be taken as the base of a 
system of logarithms; thus, if ci^ = m, where a and m are positive 
numbers, then x = log, m. 

Note. A negative number is not considered as having a logarithm. 

67. We have by Algebra, 

10^ = 1, 10-1 = -1 = .1, 



W = 10, 10-2 = :;4^ = .01, 

' 10' ' 

102 = 100, 10-« = T^ = .001, etc. 



10 
10^ 
10^ 



Whence by the definition of § 65y 

logl = Oj log.l = - 1 = 9 - 10, 

• log 10 = 1, log.01=-2 = 8-10, 

log 100 = 2, log .001 = - 3 = 7 - 10, etc. 

Note. The second form for log.l, log .01, etc., is preferable in practice. If no 
base is expressed, the base 10 is understood. 

68. It is evident from § 67 that the logarithm of a number greater 
than 1 is positive, and the logarithm of a number between and 1 
negative. 

69. If a number is not an exact power of 10, its common logarithm 
can only be expressed approximately. 

The integral part of the logarithm is called the characteristic, and the 
decimal part the mantissa. 
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For example, log 13 = 1.113943. 

In this case, the characteristic is 1, and the mantissa .113943. 

For reasons which will appear hereafter, only the mantissa of the 
logarithm is given in a table of logarithms of numbers ; the characteristic 
must be found by aid of the rules of §§ 70 and 71. 

70. It is evident from § 67 that- the logarithm of a number between 

1 and 10 is equal to + a decimal 
10 and 100 is equal to 1 + a decimal 
100 and 1000 is equal to 2 -|- a decimal ; etc. 

Therefore, the characteristic of the logarithm of a number with one 
figure to the left of the decimal point, is ; with two figures to the left 
of the decimal point, is 1; with three figures to the left of the decimal 
point, 18 2; etc. 

Hence, the characteristic of the logarithm of a number greater than list 
less than the number of places to the left of the decimal point 

For example, the characteristic of log 906328.51 is 5. 

71. In like manner, the logarithm of a number between 

1 and .1 is equal to 9 + a decimal — 10 ; 
.1 and .01 is equal to 8 -j- a decimal — 10 ; 
.01 and .001 is equal to 7 -|- a decimal — 10 ; etc. 

Therefore, the characteristic of the logarithm of a decimal with no 
ciphers" between its decimal point and first significant figure, is 9, with 
— 10 after the mantissa ; of a decimal with one cipher between its point 
and first significant figure is 8, with — 10 after the mantissa ; of a deci- 
mal with two ciphers between its point and first significant figure is 7, 
with — 10 after the mantissa ; etc. 

Hence, to find the characteristic of the logarithm of a number less than 1, 
subtract the number of ciphers between the decimal point and first significant 
figure from 9, writing — 10 after the mantissa. 

For example, the characteristic of log .007023 is 7, with — 10 written 
after the mantissa. ^ 

Note. Some writers combine the two portions of the characteristic, and write 
the result as a negative characteristic before the mantissa. 

Thia% instead of 7.603658 - 10, the student will frequently find 3.603668, a minus 
sign being written over the characteristic to denote that it alone is negative, the 
mantissa being always positive. 



LOGARITHMS. 43 



PROPERTIES OF LOGARITHMS. 

72. In any systemy the logarithm of 1 is 0. 

For by Algebra, a^ = 1 ; whence by § 66, log. 1=0. 

73. In ami system, the logarithm of the base is 1. 
For a^ = a', whence, log, a = 1. 

74. In any system whose base is greater than 1, the logarithm of i« 

— 00 . 

1 1 



For if a is greater than 1, a~* = ^^^ = — = 0. 
Whence by § 66, log. = - oo . 



a* 00 



Note. No literal meaning can be attached to such a result as log;, = — oo ; it 
must be interpreted as follows : 

If, in any system whose base is greater than unity, a number approaches the limit 
0, its logarithm is negative, and increases without limit in absolute value. 



75. In any system, the logarithm of a product is equal to the sum of the 
logarithms of its factors. 

Assmne the equations 

^' = ^l;whenceby§66, 1^ = ;"^-^^' 
a' = ri ) ' ^ "^ ' (y = log,n. 

Multiplying the assumed equations, 

a' X a* = mn, or a*"*"" = mw. 

Whence, log, mn z= x-{-y = log„ m + log, n. 

In like manner, the theorem may be proved for the product of three 
or more factors. 

76. By aid of § 75, the logarithm of a composite number may be 
found when the logarithms of its factors are known. 

1. Given log 2 = .3010 and log 3 = .4771 ; find log 72. 

log 72 = log(2 x2x2x3x3) 

= log2 4- log2 + log2 + log3 + log3 (§ 75) 

= 3 X log 2 + 2 X log 3 = .9030 4- .9542 = 1.8572. 
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EXAMPLES. 

Given log 2 = .3010, log 3 = .4771, log 5 = .6990, log 7 = .8451, find : 

2. log 35. 6. log 126. 10. log 324. 14. log 2625. 

3. log 50. 7. log 196. 11. log 378. 16. log 6048. 

4. log 42. 8. log 245. 12. log 875. 16. log 12005. 

5. log 75. 9. log 210. 13. log 686. 17. log 15876. 

77. In any system, the logarithm of a fraction is equal to the logarithm 
of the numerator minus the logarithm of the denominator. 

Assume the equations 



«' = '^|; whence, i* = Jog-'». 
a' = n ) iy = ^os^n. 



y = log. 
Dividing the assumed equations, 

a* m <-_„ m 

— = — , or a' " = — 

a* n n 

mil 
Whence, log^ — = x — y = log^ m — log« w. 

n 



7a 1. Given log 2 = .3010 ; find log 5. 

log 5 = log ^ = log 10 - log 2 (§ 77) = 1 - .3010 = .6990. 



EXAMPLES. 

Given log 2 = .3010, log 3 = .4771, log 7 = .8451, find : 

2. log^. 6. logl4f 8. log||. 11. log28f 

3. log|. 6. log p. 9. log6f 12. log?^. 

4. log 45. 7. log 225. 10. log 135. 13. logllOJ. 

79. In any system, the logarithm of any power of a quantity is equal to 
the logarithm of the quantity multiplied by the exponent of the power. 

Assume the equation a' = m', whence, x = log^m. 

Raising both members of the assumed equation to the pth power, 

a'^ = m''', whence, log„ m^ =px=p log« m. 
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80. In any system, the logarithm of any root of a quantity is eqvxd to tJie 
logarithm of the quantity divided by the index of the root. 

ry — ^ 1 

For, log, V m = log, (m") = - log, m (§ 79). 

r 

8L 1. Given log2 = .3010; find log 2*. 

log 2^ = I X log 2 = I X .3010 = .5017. 

Note. To multiply a logarithm by a fraction, multiply first by the numerator, and 
divide the result by the denominator. 

2. Given log 3 = .4771 ; find log ^3. 

log ^3 = ^ = :^=. 0596. 
8 8 



EXAMPLES. 

Given log 2 = .3010, log3 = .4771, log 7 = .8451, find : 

3. log 3^. 6. log28«. 9. logv^. 12. log</52E. 

4. log5l 7. logl8l • 10. log^/5. 18. log a/294. 
6. log 7 J. 8. log 96'. 11. log^. 14. logv^216. 

16. Find log (2i X 3^). 

By § 75, log(2^ x 3')= log 2* -f- log3i = ilog2 -hilog3 

= .1003 + .5964 = .6967. 

Find the values of the following : 

</5 „« ,.^ 3* 



16. logyJl' 18. log(2?xl0i). 20. log^. 22. log- 

17. %(!)*. 



V3 V24 

19. log7A/2. 21. log^. 23. log^^. 

7^ 5* 

82. To prove the relation 

logftm = -^^. .^ ,^ 

Assume the equations 



«' = "* I ; whence, \'' = ]°S.m, 



4 

ft 

\ 
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From the aMmned equationsy a* = y. 

s 

Taking the yih root of both members, cf^h. 
Therefore, log^^ = -> or y = 



That is, log^ m = 



y log.*' 

log.m 



log. 6 



83. To prove the rdation 

logj a X log. 6 = 1. 

Puttiag m = a in the result of § 82, we have 

^ log. 6 log. 6 ^ ^ 
Whence, log^ a x log. 6 = 1. 

84;. /n <^ common system, the mantissce of the logarithms of numbers 
hamng the same sequence of figures are equal. 

Suppose, for example, that log 3.053 = .484727. 

Then, log 305.3 = log (100 x 3.053) = log 100 + log 3.053 

= 2 -h .484727 = 2.484727 ; 
log .03053 = log (.01 X 3.053) = log .01 + log 3.053 
= 8 - 10 + .484727 = 8.484727 - 10 ; etc. 

It is evident from the above that, if a number be multiplied or divided 
by any integral power of 10, producing another number with the same 
sequence of figures, the mantissae of their logarithms will be equal. 

The reason will now be seen for the statement made in § 69, that only 
the mantissae are given in a table of logarithms of numbers. 

For, to find the logarithm of any number, we have only to take from 
the table the mantissa corresponding to its sequence of figures, and the 
characteristic may then be prefixed in accordance with the rules of §§ 70 
or 71. 

Thus, if log 3.053 = .484727, then 

log 30.53 = 1.484727, log .3053 = 9.484727 - 10, 

log 305.3 = 2.484727, log .03053 = 8.484727 - 10, 

log 3053. = 3.484727, log .003053 = 7.484727 - 10, etc. 

This property is only enjoyed by the common system of logarithms, 
and constitutes its superiority over others for the purposes of numerical 
computation. 






i 
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85. 1. Given log 2 = .3010, log 3 = .4771 ; find log .00432. 

We have, log 432 = log (2* x 3«) = 4 log 2 + 3 log 3 = 2.6353. 
Then by § 84, the mantissa of the result is .6353. 
Whence by § 71, log .00432 = 7.6353 - 10. 

EXAMPLES. 

Given log 2 = .3010, log 3 = .4771, log 7 = .8451, find : 

2. log 3.6. 6. log .00343. 10. log .1944. 

3. log 11.2. 7. log 2880. 11. log 202.5. 



7, 



4. log .84. 8. log .0392. 12. log V6.4. 

5. log .098. 9. log .000405. 13. log (14.7)1 

USE OF THE TABLE OF LOGARITHMS OF NUMBERS. 

(For directions as to the use of the Table of Logarithms of Numbers, 
see pages iii to v of the Introduction to the Author's Six Place Logarith- 
mic Tables.) 

EXAMPLES. 

86. Find the logarithms of the following numbers : 

1. .053. ^5. 336.908. -^. .001030746. 

2. 51.8. ^. .000602851. ^10. .00000876092. 

3. .2956. "^7. 65000.63. Ml. 730407.8. 
.^. 1.0274. ^. 9122.55. ^2. .0000436927. 

Find the numbers corresponding to the following logarithms : 

13. 1.880814. -^17. 8.044891-10. 21. 3.990191. 

14. 9.470410-10. 18. 2.270293. 22. 5.670180. 
^16. 0.820204. 19. 7.350064-10. 23. 6.535003-10. 

^16. 4.745126. 20. 5.000027-10. ^4. 4.115658-10. 

APPLICATIONS. 

-87. The approximate value of an arithmetical quantity, in which the 
operations indicated involve only multiplication, division, involution, or 
evolution, may be conveniently found by logarithms. 

The utility of the process consists in the fact that addition takes the 
place of multiplication, subtraction of division, multiplication of invo- 
lution, and division of evolution. 

Note. In computations with six-place logarithms, the results cannot usually be 
depended upon to more than six significant figures. 
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8a 1. Find the value of .0631 x 7.208 x .51272. 

By § 76, log (.0631 x 7.208 x .51272) = log .0631 + log 7.208 + log .51272. 

log .0631= 8.800029-10 
log 7.208= 0.857815 
log .51272= 9.709880-10 

Adding, log of result = 19.367724 - 20 = 9.367724 - 10. (See Note 1.) 

Number corresponding to 9.367724 - 10 = .233197. 

Note 1. If the sum is a negative logarithm, it should be written in such a form 
that the negative portion of the characteristic may be — 10. 
Thus, 19.367724 - 20 is written in the form 9.367724 - 10. 

2. Find the value of ??^^. 

7980.04 

log 336.852 = 12.527439 - 10 (See Note 2.) 
log 7980.04= 3.902005 

Subtracting, log of result = 8.625434 - 10 

Number corresponding = .0422118. 

Note 2. To subtract a greater logarithm from a less, or to subtract a negative 
logarithm from a positive, increase the characteristic of the minuend by 10, writing 
' — 10 after the mantissa to compensate. 

Thus, to subtract 3.902005 from 2.527439, write the minuend in the form 
12.527439 - 10 ; subtracting 3.902005 from this, the result is 8.625434 - 10. 

3. Find the value of (.0980937)^ 

By § 79, log (.0980937/ = 5 x log .0980937. 

log .0980937 = 8.991641 - 10 



44.958205 - 50 = 4.958205 - 10. (See Note 1.) 
Number corresponding = .0000090825. 



4. Find the value of V.035063. 

By § 80, log ^.035063 = ^ log .035063. 

log .035063= 8.544849-10 

3 )28.544849 - 30 (See Note 3.) 
9.514950 - 10 

Number corresponding = .327303. 



i 
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Note 3. To divide a negatiye logarithm, write it in such a form that the negative 
portion of the characteristic may be exactly divisible by the divisor, with — 10 as the 
qaotient. 

Thus, to divide 8.644849 — 10 by 3, we write the logarithm in the form 
28.544849 -30^ dividing this by 3, the quotient is 9.614950 - 10. 

89. Arithmetical Complement. 

The Arithmetical Complement of the logarithm of a number, or, briefly, 
the Cologarithm of the number, is the logarithm of the reciprocal of that 
number. 

Thus, colog 409 = log -^ = log 1 - log 409. 

log 1 = 10. - 10 (Note 2, § 88.) 

log 409= 2.611723 

Then, colog 409= 7.388277-10. 

Again, colog .067 = log -^ = log 1 — log .067. 

.067 

log 1 = 10. - 10 

log .067= 8.826075-10 

Then, colog .067= 1.173925. 

It follows from the above that the cologarithm ff a number may be 
found by subtracting its logarithm from 10 — 10. 

Note. The cologarithm may be obtained by subtracting the last significant 
figure of the logarithm from 10, and each of the others from 9, — 10 being written 
after the result in the case of a positive logarithm. 

90. Example. Find the value of 



8.709 X .0946 



log ^^'^^ = log (^51.384 X -J- X ^ 
^ 8.709 X .0946 ^ V ^•'^^^ -^^^V 



= log 51.384 4- log -^ -h log 



8.709 *".0946 
» = log 51.384 + colog 8.709 + colog .0946. 

log51.384 = 1.710828 
colog 8.709 = 9.060032 - 10 
colog .0946 = 1.024109 

1.794&69 = log 62.369. 

It is evident from the above example that the logarithm of a fraction 
whose terms are composed of factors may be found by the following rule : 

Add together the logarithms of the factors of the numerator, and the 
cologarithms -of the factors of the denominator. 
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Note. The value of the above fraction may be found without using cologarithms, 
by the following formula : 

log 51:?§i = log 51.384 - log (8.709 x .0946) 

= log61.384 -(log 8.709 + log .0946). 

The advantage in the use of cologarithms is that the written work of computation 
is exhibited in a more compact form. 

EXAMPLES. 

Note. A negative quantity has no common logarithm (§ 66, Note). 

If such quantities occur in computation, they should be treated as if they were 
positive, and the sign of the result determined irrespective of the logarithmic work. 

Thus, in Ex. 2, § 91, the value of 84.769 x (- 2280.76) is obtained by finding the 
value of 84.769 x 2280.76, and putting a negative sign before the result. See also 
Ex. 29. 

91. Find by logarithms the values of the following : 

1. 3.1425 X 603.93. 3. (-4.39182) x (-.0703968). 

2. 84.759 X (- 2280.76). 4. .936537 x .00117854. 

g 4867.2 g 1.05478 ^ 2.7085 « - .000680239 

765.16* ' 34.9564* ' .0868097* * .00512643 

g 3.89612 X .6946 .. (- .870284) x 3.73 

4694.9 X .00454* ' (- .06585) x (- 42.317)* 

.Q 715 X (- .024158) .« -082136 x (- 73.39) 

' (- .5157) X 1420.63* " .838 x 2808.72 

13. (7.7954)*. 18. (.0951293)1 23. -v^lOO. 

14. (.83287)^ 19. (.000105936)'. 24. \/l9946. 
16. (-25.1437)*. 20. VS. 25. vC0725628. 
16. (M)K 21. </2. 26. V.002613874. 

' 17. (-964.38)*. 22. ■v^'^^. 27. V - .000951735. 

2^5 



28. Find the value of 



3^^ 



By § 90, 

log?^ = log2 + log a/5 + eolog3^ = log2 + ilog5 -f | colog3. 
3* 

log 2= .301030 

log 5= .698970; divide by 3 = .232990 

colog 3 = 9.522879 - 10 ; multiply by | = 9.602399 - 10 

.136419 = log 1.36905. 
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29. Find the value 



of \/^ 



- .032956 



96183 



log^ 



log .032966 = 8.617934 - 10 
log 7.96183 = 0.901013 

3 )27.616921 - 30 

9.206640 - 10 = log .160661. 

Result, -.160661. 
Find the values of the following : 




35. 



4400 \* 



6927 



^)' 



«fi /276.86 



40. ^x</5x^. 

7 6.1 X ■05929\ * 
1.3073 j ' 



41 



37. 



5i 



38. 



(- 10)* 



--y/lOOO 
(- .6)* ' 

39. Vi-4 



42. 



43. 



V 



76.438 



31.4 X .4146 
^.000966782 



V.00497836 



44 



45. (26.4673)^^ x (- .052)'^ 

46. ^/6106.626 x .000031093. 

47. (837.48 x .00943246)1 

48. (4.867184)^ x (.176437)^ 



49. 



V3.9285 X -^65.4775 
-v^721.329 



50. 



51. 



52. 



- (.266929)^ 
(- .834674)* 
(.6732)^ 



8693.84 X ^.033074 

(- .00019162)^ X V68l8 



- .2766663 

</.062866 



V;374 X V.007836912 



EXPONENTIAL EQUATIONS. • 

92. An Exponential Equation is an equation of the form a* = b. 

To solve an equation of this form, take the logarithms of both mem- 



bers. 



1. Given 31* = 23 ; find the value of x. 

Taking the logarithms of both members, 

log (31*) = log 23. 
Whence by § 79, x log 31 = log 23. 

Then, ^..^logjg^ 1.361728 ^^^3^^^ 

log 31 1.491362 
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2. Given .2* = 3 ; find the value of x. 
Taking the logarithms of both members, 

X log .2 = log 3. * 

Whence, x = ^^^= '^^^^^^ = -^^^^^^ =^ .6826 4^ 
' log .2 9.301030-10 -.698970 

EXAMPLES. 

Solve the following equations : 

3. 332.9* = 5.178. 6. .0158* = .0082958. 7. a' = b^<f. 

3 

4. .4162' = 6.724. 6. 5.3364» = .744. 8. m^a' = n\ 

9. 62'-» = ,0277778. 10. .7«'+^ = .16807. 

93. 1. Find the logarithm of .3 to the base 7. 

T^^sft9 i^rr Q logio -3 9.477121 - 10 - .522879 aiq^. 

By §82, logz.3 = ^= ^^^^^^ =___ = , .6187 4-. 

EXAMPLES. 

Find the values of the following : 

2. log2l3. 4. log.746.2. 6. log9.i.362. 

3. logs .9. 5- log.48.087. 7. log65 4.3. 

Examples like the above may be solved by inspection if the number 
can be expressed as an exact power of the base. 

8. Find the logarithm of 128 to the base 16. 
Let logie 128 = aj ; then by § 66, 16' = 128. 

That is, (2*)» = 2', or 2^ = 21 

7 
Whence by inspection, 4 a? = 7 ; and x = logie 128 = -• | 

4 

9. Find the logarithm of 81 to the base 3. 

10. Find the logarithm of 32 to the base 8. 1 

11. Find the logarithm of \ to the base 27. 

12. Find the logarithm of -^ to the base ^. 



\ 

( 

\ 
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EXAMPLES IN THE USE OF TRIGONOMETRIC TABLES. 

(For directions, see pages v to xi of the Introduction to the Author's 
Six Place Logarithmic Tables.) 

94. Table of Logarithmic Sines, Cosines, etc. 

Find the values of the following : 

1. log sin 12° 48 '52". 4. log cot 53° 42' 9". 7. log cot 26° 30' 14". 

2. log tan 67° 13' 27". 6. log cos 79° 54' 35". 8. log sec 45° 26' 38". 

3. log cos- 31° 5' 43". 6. log tan 8° 17' 21". 9. log esc 84° 9' 56". 

Find the angles corresponding in the following : 

10. log sin = 9.934232 - 10. 14. log tan = 9.184367 - 10. 

11. log cos = 9.923569 - 10. 15. log cot = 9.404692 - 10. 

12. log tan = 0.806571. 16. log sec = 0.188783. 
18. log cot = 0.282956. 17. log esc ^ 0.400314. 

95. Table of Vataral Sines, Cosines, etc. 

Find the values of the following : 

1. sin43°17'35". * 3. cos 86°21'46". 6. sin67°9'54". 

2. cot 75° 50' 19". 4. tan 34° 48' 23". 6. cos 29° 35' 8". 

Find the angles corresponding in the following : 
7. tan = 1.2622. 8. cos = .96376. 9. sin = .91527. 10. cot = 1.7927 

96. Anxiliary Table for Small Angles. 

Find the values of the following : 
1. log sin 1° 14 '53". 2. log tan 3° 42' 8". 3. log cot 2° 26' 35". 

Find the angles corresponding in the following : 

4. log sin = 8.233459 - 10. 6. log tan = 7.859872 - 10. 

6. log cot = 1.546267. 
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VI. SOLUTION OP RIGHT TRIANGLES. 

97. The elements of a triangle are its three sides and its three angles. 

We know by Geometry that a triangle is, in general, completely deter- 
mined when three of its elements are known, provided one of them is a 
side. 

The solution of a triangle is the process of computing the unknown 
from the given elements. 



98. To solve a rigfU triangle, two elements must be given in addition 
to the right angle, one of which must be a side. 

The various cases which can occur may all be solved by aid of the 
following formulae: 




Sin A = — 
c 



cos A = — 
c 



tan-4 = T' 





sin B = — 

c 



cos B = — 
c 



tan B = — 

a 



99. Case I. When the given elements are a side and an angle. 

The proper formula for computing either of the remaining sides may 
be found by the following rule : 

Take that function of the angle which involves the given side and the 
required side, 

1. Given c = 68, J5 = 2^42' 39"; find a and h. 
Tn this case the formulae to be used are 

cos B — -, and sin B = — 

c c 



Whence, 



a = c cos B, and b = c sin B. 



(A) 



Solution by Natural Functions. 

a = 68 X cos 21° 42' 39" = 68 x .92906 = 63.176. 
6 = 68 X sin 21° 42' 39" = 68 x .36993 = 25.155. 
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Solution by Logarithms. 

Taking the logarithms of both members, in formulaB (A), 

log a = log c + log cos B, and log b = log c + log sin B. 

log c = 1.832509 log c = 1.832509 

log cos B = 9.968045 - 10 log sin B = 9.568111 - 10 

log a = 1.800554 log b = 1.400620 

a = 63.1762. b = 25.1547. 

2. Given a = .235867, A = 67^ 9' 23" ; find 6 and c. 

In this case, tan -4 = -, and sin A=^ — 

b c 

Whence, b = — 5^, and c = — ^ 



tan A sin A 

By logarithms, log b = log a — log tan A, and log c = log a — log sin A. 

log a = 9.372667 - 10 log a = 9.372667 - 10 

log tan ^ = 0.375452 log sin A = 9.964527 - 10 

log b = 8.997215 - 10 log c = 9.408140 - 10 

b = .0993607. c = .255941. 

100. Case II. When both the given elements are sides. 

First calculate one of the angles by aid of either formula involving 
the given elements, and then compute the remaining side by the rule of 
Case I. 

Example. Given b = .15124, c = .30807 ; find A and a. 

We first find A by the formula cos -4 = -, and then find a by the 

a ^ 

formula sin -4 = -, or a=^c sin A. 

c 

By logarithms, log cos -4 = log 6 — log c, and log a = log c + log sin A 

log b = 9.179667 - 10 log c = 9.488650 - 10 

log c = 9.488650 - 10 log sin A = 9.940118 - 10 

log cos A = 9.691017 - 10 log a = 9.428768 - 10 

A = 60° 35' 54.4". a = .268391. 

101. In the Trigonometric solution of any example under Case II., 
it is necessary to first find one of the angles, and the remaining side may 
then be calculated. 

It is possible, however, to compute the third side directly, without first 
finding the angle, by Geometry. 
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Thus, in the example of § 100, we have, by Geometry, a* -h 6* = (?, 



Whence, a = Vc^-i^ = V(c + h){c - b) . 

By logarithms, log a = ^ [log (c + 6) -h log (c — 6)]. 

c -h 6 = .45931 ; log = 9.662106 - 10 
c - 5 = .15683 ; log = 9.19542^ - 10 

2 )18.857535 - 20 

log a = 9.428768 - 10 
a = .268391, as before. 



If the given sides are a and 6, the expression for c is Va^ + 6^, which 
is not adapted to logarithmic computation. 

In such a case, it is usually shorter to proceed as in § 100. 

EXAMPLES. 

Note. In those examples of the following set in which the given sides are num- 
bers of not more than three significant figures, and the operations indicated involve 
only multiplication, it is usually shorter to employ Natural Functions. 

In such a case, the results cannot be depended upon to more than Jive significant 
figures ; while in the solutions by logarithms, they can be depended upon to six signifi- 
cant figures. 

102. Solve the following right triangles : ' 

1. Given ^ = 15°, c = 7. 9. Given ^ = 9°, ft = 937. 

2. Given B = 67°, a = 5, 10. Given a = 3.414, b = 2.875. 

3. Given B = 50°, b = 20. 11. Given A = 84° 16', a = .0033503. 

4. Given a =.35, c=.62. 12. Given ^ = 46° 23', c = 5278.6. 

5. Given a = 273, 5 = 418. 13. Given a = 529.3, c = 902.7. 

6. Given ^ = 38°, a = 8.09. 14. Given 5 = 23° 9', 6 = 75.48. 

7. Given B = 75°, c = .014. 15. Given A = 72° 52 ',6 = 6306. 

8. Given b = 58.6, c = 76.3. 16. Given B = 18° 38', c = 2.5432. 

17. Given a =.0001689, 6 = .0004761. 

18. Given A = 31° 45', a = 48.0408. 

19. Given 6 = 617.57, c = 729.59. 
20 Given J5= 82° 6' 18", a = 89.32. 

21. Given A = 55° 43' 29", c = 41518. 

22. Given B = 31° 47' 7", a = 7.23246. 

23. Given a = 99.464, c = 156.819. 
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24. Given ^ = 43° 21' 36", 6 = .00261751. 

25. Given B = 79° 14' 31", h = 84218.5. 

26. Given B = 67" 39' 53", c = 9537514. 

27. Given 6 = 5789.72, c = 24916.45. 

28. Given A = 26° 12' 24", c = 469422.7. 

29. Given B = 14° 55' 42", b = .1353371. 

30. Given a = 672.3853, 6 = 384.5038. 

Solve the following isosceles triangles, in which A and B are the equal 
angles, and a, 6, and c the sides opposite the angles Ay B, and C, respec- 
tively : 

31. Given ^ = 68° 57', 5 = 350.94. 

32. Given ^ = 27° 8', c = 3.0892. 

33. Given C = 84° 47', h = 91032.7. 

34. Given a = 79.2434, c = 106.6362. 

35. Given A = 35° 19' 47", c = .56235. 

36. Given C = 151° 28' 52", c = 9547.12. 

37. A regular pentagon is inscribed in a circle whose diameter is 35. 
Find the length of its side. 

38. At a distance of 105 ft. from the base of a tower, the angle of 
elevation of its top is observed to be 38° 25'. Find its height. 

39. What is the angle of elevation of the sun when a tower whose 
height is 103.74 ft. casts a shadow 167.38 ft. in length ? 

40. If the diameter of a circle is 32689, find the angle at the centre 
subtended by an arc whose chord is 10273. 

41. If the diameter of the earth is 7912 miles, what is the distance of 
the remotest point of the surface visible from the summit of a mountain 
1-^ miles in height ? 

42. Find the length of .the diagonal of a regular pentagon whose side 
is 6.3257. 

43. Find the angle of elevation of a mountain-slope which rises 238 ft. 
in a horizontal distance of one-eighth of a mile. 

44. From the top of a lighthouse, 146 ft. above the sea, the angle of 
depression of a buoy is observed to be 21° 46'. Find the horizontal dis- 
tance of the buoy. 
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45. If a pole casts a shadow which is two-thirds its own length, what 
is the angle of elevation of the sun ? ^ 

46. A vessel is sailing due east at the rate of 7.8 miles an hour. A 
headland is observed to bear due north at 10.37 a.m., and 33° west of 
north at 12.43 p.m. Find the distance of the headland from each point of 
observation. 

47. If a chord whose length is 41.368 subtends an arc of 145° 37', what 
is the radius of the circle ? 

48. The length of the side of a regular octagon is 12. Find the radii 
of the inscribed and circumscribed circles. 

49. How far from the foot of a flagpole 110 ft. high must an observer 
stand, so that the angle of elevation of the top of the pole may be 12° ? 

50. If the diagonal of a regular pentagon is 32.835, what is the radius 
of the circumscribed circle ? 

51. From the top of a tower, the angle of depression of the extremity 
of a horizontal base line, 1250 ft. in length measured from the foot of the 
tower, is observed to be 18° 36' 29". Find the height of the tower. 

52. If the radius of a circle is 723.294, what is the length of a chord 
which subtends an arc of 35° 13'? 

53. A regular hexagon is circumscribed about a circle whose diameter 
is 18. Find the length of its side. 

54. From the top of a lighthouse 200 ft. above the sea, the angles of 
depression of two boats in line with the lighthouse are observed to be 14° 
and 32°, respectively. Find the distance between the boats. 

55. A vessel is sailing due east at a uniform rate of speed. At 7 a.m., 
a lighthouse is observed bearing due north, 10.326 miles distant ; aiid at 
7.30 a.m. it bears 18° 13' west of north. Find the rate of sailing of the 
vessel, and the bearing of the lighthouse at 10 a.m. 

103. Care must be taken to use the Auxiliary Table for Small Angles 
in finding the logarithmic functions of angles between 0° and 5°, or between 
85° and 90°, or the angles corresponding in the same cases. 

This provides for every case which can arise in solving right triangles, 
except in looking out the angle corresponding to a logarithmic sine when 
between 85° and 90°, or a logarithmic cosine when between 0° and 5°. 

We will now derive a formula for right triangles by aid of which, 
when b and c are given, the angle A may be determined with accuracy 
if it is between 85° and 90°. 









> 
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By § 98, cos ^ = -• 

Then by (31), 2 sin^^^ = 1 - cos^ = 1 - ^ = ?^. 

c c 



c -b 
2c ' 



Therefore, sm^A= -v/ 

V(* — fL 
— • 



2c 

These formulae involve the half-angles; hence, if the angle itself is 
between 85° and 90°, its half is between 42° 30' and 45°, and the cor- 
rection in seconds may in that case be found from the table with sufficient 
precision. 

An angle between 0° and 5° may always be avoided in solving a right 
triangle by working with the other acute angle. 

104. 1. Given b = 1.08249, c = 1.08261 ; find the angles. 

Here A is near to 0°, and B is near to 90°, as may be determined by 
inspection. 

We then proceed to find B by the formula of § 103. 

For this purpose, we must first find a, which may be done as in § 101. 

. c + 6 = 2.1651 ; log = 0.335478 
c - 6 = .00012 ; log = 6.079181 - 10 

2 )16.414659 - 20 
log a = 8.207330 -10 

Whence a = .0161187. 

— • 

^ c 
By logarithms, log sin ^ J5 = | [log (c - a) - log 2 c] . 

c-a = 1.0664913 ; log = 0.027957 
2c = 2.16522 ; ' log = 0.335502 

2 )19.692455 - 20 
log sin ^ ^ = 9.846228 - 10 

Whence, i J5 = 44° 34' 24.7". 

Then, B = 89° 8' 49.4", and ^ = 90° - 5 = 0° 51' 10.6". 

If b is small compared with c, then A is near to 90°, and should be 
calculated directly by aid of the formula of § 103. 
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EXAMPLES. 
In each of the following right triangles find the angles ; 

2. Given a = .0128, c = 152.337. 

3. Given b = 5.81006, c = 5.81039. 

4. Given c = 11527.2, b = 1.32. 

5. Given a =.77, c = 98276.4. 

6. Given a = 42.0098, c = 42.0103. 

FORMULiE FOR THE AREA OF A RIGHT TRIANGLE. 
105. Case I. Given the hypotenuse and an acute angle. 




Denoting the area by K^ we have by Geometry, 

2K=ab. 
But by § 4, a= c sin A, and b = c cos A, 

Whence, 2 ^ = c^ sin .4 cos ^ = ^ c^ sin 2 ^, by (25). 
Then, 4 A" = c^ sin 2 A. (38) 

In like manner, 4 A' = c^ sin 2 J5. (39) 

Case II. Given an angle and its opposite side. 

By § 4, b = a cot A. 

Whence, 2K= u x a cot A = a^ cot A. (40) 

In like manner, 2K=W cot B. (41 ) 

Case III. Given an angle and its adjacent side. 

By § 4, b = a tan B. 

Whence, 2K=a xa tan B = a^ tan B, (42) 

In like manner, 2K= 6^ tan A (43) 
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Case IV. Given the hypotenuse and another side. 

By Geometry, b^ = c^ — a\ 

Whence, 2 K= ab = ay/<? — (j? = a V(c^fa)(c^^^. (44) 



In like manner, 2K= bV{c -|- 6) (c — b). (45) 

Case V. CHven the two sides about the right angle. 

In this case, 2 K= ab, (46) 

EXAMPLES. 

106. 1. Given c = 10.3572, B = 74° 57' 14"; find the area. 

By (39), 4:K=c^sm2B. 

Whence, log (4 JT) = 2 log c + log sin 2 B. 

log c = 1.015242 ; multiply by 2 = 2.030484 
2B = 149° 54' 28 " ; log sin = 9.700178 - 10 

log (4/0 = 1.730662 

4^=53.7851 
Dividing by 4, K = 13.4463. 

Note. To find log sin 149° 54' 28", take either log cos 59° 64' 28", or log sin SO*^ 
5' 32". (See Introduction to Tables, page viii. ) 

Find the areas of the following right angles : 

2. Given A = 19° 36', a = 2.2178. 4. Given a = 149.417, b = 76.292. 

3. Given B = 24° 7' 48", a = .8213. 5. Given b = .305694, c = .660156. 

6. Given ^ = 30° 56' 19", c = 192.035. 

7. Given ^=78° 42' 53", 6 = .0520281. 

8. Given a = .932368, c = 4.786723. 

9. Given 5 = 72° 18' 27", c = 27.28338. 
10. Given ^=49° 25' 34", 6 =.3375494. 
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VII. GENERAL PROPERTIES OP TRIANGLES. 

107. In any triangle, the sides are proportional to the sines of their 
opposite angles, 

I. To prove a:b = sinA: sin B. (47) 




Fio. 1. 




Ai 



There will be two cases, according as the angles A and B are both 
acute (Fig. 1), or one of them obtuse (Fig. 2). 

In each case, draw CD perpendicular to AB. 
Then in each figure, CD = b sin A (§ 4). 

CD = a sin B. 

CD = a sin CBD 

= a sin (180° -S) = dsmB (§ 33). 

b sin A = a sin B. 



Also in Fig. 1, 
And in Fig. 2, 



Then in either case, 

Whence by the theory of proportion, 

, a:b = smA: sin B. 

In like manner, b : c = sin B : sin C, 

and c: a = sin C : sin A. 



(48) 
(49) 



108. In any triangle, the sum of any two sides is to their difference as 
the tangent of hcdf tJie sum of the opposite angles is to the tangent of hxilf their 
difference. 

By (47), a : 6 = sin ^ : sin B. 

Whence by composition and division, 

a 4- 6 : a — & =:^in A -h sin B : sin A — sin B, 



Or, 



But, 



a-^-b sin A + sin B 
a — b sin A — sin B 

sin A-\-smB _ tan ^(A-{- B) 
sin ^ — sin ^ ~ tan ^(A — By 



by (21). 
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c — a tan ^ (C7 — -d) ^ "^ 

109. /n any triangle, the square of any side is equal to tlie sum of the 
squares of tlie other two sides, minus twice their product into the cosine of 
their included angle. 

L To prove a^ = b^ -\- <^ - 2 be cos A. (53) 

Case I. WJien the included angle A is acute. (Figures of § 107.) 

There will be two cases, according as the angle B is acute (Fig. 1), or 
obtuse (Fig. 2). 

Then in Fig. l,BD = c- AD, and in Fig. 2, BD = AD-c. 
Squaring, we have in either case, 



BD- = AD' + c2 _ 2 c X AD. 



Adding CD \x5 both^ijiembers. 



BD^+ CR = AD' -^CD'-\-(^-2cx AD. 



But BD 4- CD' = a^ and AD' -f CD = b^ 

Also, by § 4, AD = b cos A. 

Whence, a^ = b^ -{- €^ — 2bc cos A. 

Case II. When the included angle A is obtuse. 




Draw CD perpendicular to AB. 

We have BD = AD + c. 



Squaring, and adding CD to both members, 



BD' -^-CD'^AD'-^-CD -{-c'-{-2cxAD. 
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But BD''\-CD' = a\ 2Jid Jff-h off =V. 

And by § 4, AD = b cos CAD = b cos (180^ - A)=-b cos A (§ 33). 
Whence, a? = b^-^ c^ — 2bc cos A. 

In like manner, b^ = <? -\' a^ — 2 ca cos B, (5*) 

and c* = a2 + y^-2a6cos(7. (55) 

110. To express the cosines of the angles of a triangle in terms of the 
sides of the triangle. 

By (53), a^ = 62 _|_ c2 — 2 6c cos A 

Transposing, 2 be cos A = b^ -\- c^ — a^. 

hfi _l_ /»2 /-»2 

Whence, cos A = "\^ ~" ' • (56) 

Z DC 

In like manner, cos B = — ^t_— H — , (57) 

2ca 



and 



cos C = ^' +/ - < (58) 



in To express the sines, cosines, and tangents of the half-angles of a 
triangle in terms of the sides of the triangle. 

By (56), l~cos^_l —^ 26c 

Whence, by (31), 2 sin^ ^ = ^' "^^^ ~ ^)' » 

r^ ' 2A 4 (<^ — b-\- c)(a -\-b — c) 
Or, sm^ iA = ^ -^—f^ —  ^• 

Denoting the sum of the sides, a + 6 + c, by 2 s, we have 

a-6 + c = (a + 6 + c)-26 = 2s-26 = 2(s-6), 
and a + 6-c = (a + & + c) — 2c = 2s-2c = 2(s — c). 

Whence, sm^A^ '^^'-^l^'^'^ . 

^ 46c 

Or, Bin\A=^j^^^3' (59) 
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In like manner, sin 4 ^ = J (^ <^)(^ - ^ obo) 

^ ca 



and 8in^C=J^^H^^Z^. 



(a) 



Again, by (56), 1 + cos ^ = 1 + ^i^' = ^±2^±^Z-'. . 

2 be 2 be 

Whence, by (32), 2 cos' ^ ^ = (^ "^^^)' ~ ^' > 

2 be 

Or, co8U^ = <^±l±^KMiC-al, 

46c 

But, 6 + c-f-a = 2«; 

and 6 + c — a = (6-fcH-a) — 2a = 2(s — a). 

Whence, cos« iA = MiZL^l. 



Or, cosiA=^^J?^^ (62) 



In like manner, cos i- B =\/^^^ ^> (63) 

^ ca 



and cosl(7=\/^S^^- (64) 

 ^ a6 

Dividing (59) by (62), we have, by (4), 



tani^=J^illMHlJ^^=J (^-^)^^ (65) 

^ \ 6c yis{8-a) ^ 8(8 -a) ^ ^ 

In like manner, tan 4 5 = J (^~^)(^~ -^ (66) 

^ ^ s(s — 6) ^ 

taiiiC=J5I«i5Z^. (67) 

^ ^ 8(« — C) ^ 



and 

Note. Since each angle of a triangle is less than 180^, its half is less than 90° ; 
hence, the positive sign must be taken before the radical in each formula of § 111. 



FORMULA FOR THE AREA OF AN OBLIQUE TRIANGLE. 

Case I. Given two side8 and their induded angle, 
I. When the given parts are 6, c, and A, 
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There will be two cases, according as ^ is acute (Fig. 1), or obtuse 
(Fig. 2). 

In each case, draw CD perpendicular to AB. 

Then denoting the area by K, we have by Geometry, 

2K=cx CD. 

CD = b sin A (§ 4). 

CD=b sin CAD 

= b sin (180** - ^) = 6 sin ^ (§ 33). 

2 K=bc am A, (68) 

2K=ca8mB, (69) 

and 2^=a6 8inC. (70) 



But in Fig. 1, 
And in Fig. 2, 

Then in either case, 
In like manner, 



Case II. Given one side and all the angles, 
I. When the given parts are a. A, B, and C. 

By (70), 2K=abamC 

But by (47), 



b sin B t a sin B 
, or 6=-^ 



a sin A 



sin^ 



Whence, 2 K=a x*!!^^ X sin C = ^^^^4^- 

Sin A sm A 

in like manner, Z K = > 

sin^ 



and 



2Jr= 



c^ sin ^ sin ^ 

  —  ■< 

sin C 



(71) 
(72) 



(73) 



Case III. CHven the three sides. ' » 

By (68), 2 K= be sin J. = 2 be sin ^ ^ cos ^ A, by (25). 

Dividing by 2, and substituting the values of sin-|^ and cos ^-4 
from (59) and (62), we have. 



K= bcyj <' - ^l^' - ")  yj?^^^ = V«(s - a)(s ^ b)(8 - c). (74) 
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VIII. SOLUTION OP OBLIQUE TRIANGLES. 

113. In the solution of oblique triangles, we may distinguish four 
cases. 

114. Case I. Given a side and any two angles. 

The third angle may be found by Geometry, and then by aid of § 107 
the remaining sides may be calculated. 

The triangle is always possible for any values of the given elements, 
provided the sum of the given angles is less than 180°. 

1. Given b = 20.24, A = 103° 36', ^ = 19° 21' ; find C, a, and c. 

We have, C = 180° - (A -f ^) = 180° - 122° 57' = 57° 3'. 

T> /^„. a sin A -, c sin (7 
By (47), - = — — -, and - = — 

•^ ^ ^' b sin^ b sinJB 

Then, a = b sin A esc 5, and c = b sin C esc B. 

Whence, log a = log b -f- log sin A -\- log esc B, 

and log c = log b -f- log sin C -f- log esc B. 

log ft = 1.306211 log b = 1.306211 

log sin A = 9.987649 - 10 log sin C = 9.923837 - 10 

log CSC B = 0.479729 log esc B = 0.479729 

log a = 1.773589 log c = 1.709777 

a = 59.3730. c = 51.2598. 

Note. To find log sin lO.S'^ 36', take either log cos 13° 36', or log sin 76° 24'. To 
find the log cosecant of an angle, subtract the log sine from 10 — 10. (See Introduc- 
tion to Tables, page viii.) 

EXAMPLES. 

Solve the following triangles : 

2. Given a = 180, ^ = 38°, 5 =75° 43'. 

3. Given b = .82, B = 51° 42' 37", C = 109° 17' 23". 

4. Given c = 24.637, vl = 83°39', ^ = 38° 56'. 

5. Given b = .06708, A = 26° 10' 45", C = 44° 35' 12". 

6. Given a = e5.0454, 5 = 98° 8' 26", = 21° 51' 34". 

7. Given c = 4592.36, A = 74° 27', C = 61°. 

8. Given c = .93109, A = 15° 34' 9", C = 123° 29' 46". 

9. Given b = 3.67683, A = 67° 21' 54", B = 57° 48' 8". 
10. Given a = 71396.72, B = 42° 55' 13", C= 16° 4' 57". 
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Case IL Gfiven two sides and their included angle. 

Since one angle is known, the sum of the other two angles may be 
found ; and then their difference may be calculated by aid of § 108. 

Knowing the sum and difference of the angles, the angles themselves 
may be found; and then the remaining side may be computed as in 
Case I. 

The triangle is possible for any values of the data. 

1. Given a = 82, c = 167, B = 98° 14'; find A, C, and b. 
By Geometry, O + ^ = 180° -B = SV 46'. 

By (52), c + g^ tan^O-f^) , 

Or, tan^(C-^) = ^^=-^tani(0-h^). 

Then, log tan^((7 — J)= log(c — a)-f- colog(c -f- a)-{- log tan^((7 -|- A). 

c - a = 85 log = 1.929419 

c + a = 249 colog = 7.603801 - 10 

i(C-{'A)= 40° 53' log tan = 9.937377 - 10 

log tan ^ (C - ^) = 9.470597 - 10 

^(C-^)=16°27'49.8". 

Therefore, C = ^ (O -h ^) -f i (O - -4) = 57° 20' 49.8", 

and . ^ = ^((7+^)-^(C-^)=24°25'10.2". 

. To find the remaining side, we have by (47), 

, a sin B • -n a 

= — : — — = a Sin ^ esc A, 

sin A 

Whence, log b = log a -\- log sin B -\- log esc A 

log a = 1.913814 
log sin B = 9.995501 - 10 
log esc A = 0.383615 

log b = 2.292930 
b = 196.305. 

EXAMPLES. 

Soljre the following triangles : 

2. Given a =67, c = 33, 5 = 36°. 

3. Given a = 886, 5 = 747, (7 = 71° 54'. 

4. Given b = 4.102, c = 4.549, ^ = 62° 9' 38 . 
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6. GiVen a = .5953, 6 = .9639, C = 134^ 

6. Given 6 = 1292.1, c = 286.3, ^ = 27*^13'. 

7. Given a = 7.48, c = 12.409, 5 = 83*^26' 52''. 

8. Giv6n a = 93.273, 6 = 81.512, = 58°. 

9. Given b = .0261579, c = .0608657, A = 115° 42'. 
10. Given a = 35384.82, c = 57946.34, B = 19° 37' 25'', 

116. iCASE III. CHven the three sides. 

The angles might be calculated by the formulae of § 110; but as these 
are not adapted to logarithmic computation, it is usually more convenient 
to use the formulae of § 111. 

Each of the three angles should be computed trigonometrically, for we 
then have a check on the work, since their sum should be 180°. 

If all the angles are to be computed, the tangent formulae are the most 
convenient, since only four different logarithms are required. If but one 
angle is required, the cosine formula will be found to involve the least 
work. 

The triangle is possible for any values of the data, provided no side is 
greater than the sum of the other two. 

If all the angles are required, and the tangent formulae are used, it is 
convenient to modify them as follows ; by (65), 



.,^1 ,-^ /(^^^)(^-^)(^-0 - 1 / (8-a)(.-6)(8-c) 
tan^^-^ -T^^ZT^, -JZr^\ ^ 



T^ J.' /(s — a)(s — b)(8 — c) , , 

Denoting ^- — ~ by r, we have 



tan^ J. = 



r 



a 



In like manner, tan ^B = -, and tan ^ C = 



s — b s — c 

1. Given a = 2.51, b = 2.79, c = 2.33 ; find A, B, and C. 
Here, 2s = a-\-b + c = 7.63. 

Whence, s = 3.815, s - a = 1.305, s-b = 1.025, s - c = 1.485. 
We have, log r = ^ [log (s — a) + log (s — 6) -f log (s — c) + colog «]• 
Also, log tan ^A = log r — log (s — a), s, 

log tan ^ J5 = log r — log (s — b), 
and log tan ^ C = log r — log (s — c). 
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log (s - a) = 0.115611 log r = 9.858283 - 10 

log(s-6)= 0.010724 log {8-b) = 0.010724 

log (s - c) = 0.171726 log tan ^ J5 = 9.847559 - 10 

colog s = 9.418505-10 ^ ^ ^ 35° 8' 40.9". 

2 )19.716566-20 ^ = 70° 17 '21.8". 

log r = 9.858283 - 10 ^^^ ^ ^ ^ g^g^gg _ lo 

log(^-a)= 0.115611 log (s-c) = 0.171726 

log tan i ^ = 9.742672 - 10 log tan ^ C = 9.686557 - 10 

1^ = 28° 56' 22.7". i 0= 25°54'56.2". 

^ = 57°52'45.4". "" 0=51° 49 '52.4". 
Check, A-^B-{-C= 179° 59' 59.6". 

2. Given a=7, & = 11, c = 9.6; find 5. 



By (63), cosi5=^J^(^3. 

Whence, log cos 1 5 = -1- [log s -\- log (s - 6) -f- colog c -|- colog a]. 

Here, 2s = a + 64-c = 27.6 ; whence, s = 13.8, and s — 6 = 2.8. 

log 5= 1.139879 

log(s-6)= 0.447158 

colog c= 9.017729-10 

colog a = 9.154902-10 

2 )19.759668 - 20 
logcos^JB= 9.879834^10 

^5 = 40° 41' 11.5", and 5 = 81° 22 '23.0". 

EXAMPLES. 

Solve the following triangles : 

3. Given a = 2, 6 = 3, c = 4. 

4. Given a = 5, b = 7, c = 6. 
6. Given a = 10, 6 = 9, c = 8. 

6. Given a = 5.6, b = 4.3, c = 4.9. 

7. Given a = .85, 6 = .92, c = .78. 

8. Given a = 61.3, b = 84.7, c = 47.6. 

9. Given a = 705, b = 562, c = 639 ; find A. 

10. Given a = .0291, b = .0184, c = .0358 ; find B. 

11. Given a = 3019, b = 6731, c = 4228 ; find C. 
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117. Case IV. Given two sides and the angle opposite to one oftheni. 

It was stated in § 97 that a triangle is, in general, completely deter- 
mined when three of its elements are known, provided one of them is 
a side. The only exceptions occur in Case IV. 

To illustrate, let us consider the following example : 

Given a = 52.1, b = 61.2, A = 31° 26' ; find B, O, and c. 

-D /j,„\ sin B b ' -D b sin A 
By (47), - — - = -, or sin B = 

sin ^ a a 

Whence, log sin B = log b -f colog a -f log sin A, 

log b = 1.786751 
colog a = 8.283162 - 10 
log sin A = 9.717259 - 10 

log sin B = 9.787172 - 10 

B = 37° 46' 37.9", from the table. 

But in determining the angle corresponding, attention must be paid 
to the fact that an angle and its supplement have the same sine (§ 33). 

Hence, another value of J5 will be 180°-37°46'37.9", or 142° 13' 22.1"; 
and calling these values Bi and JB2, we have 

A = 37° 46 '37.9", and ^2 = 142° 13' 22.1". 

• Note. The reason for this ambiguity is at once apparent when we attempt to 
construct the triangle from the data. 



We first lay ofE the angle DAF equal to 31° 26', and on AF take AC = 61.2. 
With C as a centre, and a radius equal to 52.1, describe an arc cutting AD at Bi 
and B2' Then either of the triangles AB\C or AB^C satisfies the given conditions. 

The two values of B which were obtained are the values of the angles ABiC 
and AB2C, respectively; and it is evident geometrically that these angles are supple- 
mentary. 

To complete the solution, denote the angles ACBi and ACB2 by Ci 
and C2, and the sides ABi and AB2 by Ci and Cg. 

Then, Ci = 180° - (^ + A) = 180° - 69° 12' 37.9" = 110° 47 '22.1", 

and ^2 = 180° -(A-{- B^) = 180° - 173°39'22.1" = 6°20'37.9". 
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Again, by (49), ^^^JE^, and Si = ^^. 

Whence, Ci = a sin Oi esc A, and c^^a sin C^ esc A. 

log a = 1.716838 log a = 1.716838 

log sin Ci = 9.970761 - 10 log sin C, = 9.043343 - 10 

log esc A = 0.282741 log esc A = 0.282741 

log Ci = 1.970340 log cj = 1.042922 

. ci = 93.3985. C2 = 11.0388. 

118. Whenever an angle of an oblique triangle is determined from its 
sine, both the acute and obtuse values must be retained as solutions, 
unless one of them can be shown by other considerations to be inadmissi- 
ble ; and hence there may sometimes be two solutions, sometimes one, and 
sometimes none, in an example under Case IV. 

1. Let the data be a, b, and A, and suppose 6 < a. 

By Geometry, B must be < ^ ; hence, only the acute value of B can 
be taken ; in this case there is but one solution. 

2. Let the data be a, b, and A, and suppose b> a. 

Since B must be > ^, the triangle is impossible unless A is acute. 

Again, since -; — - = — , and & is > a, sin B is > sin A. 

smA a 

Hence, both the acute and obtuse values of B are > A, and there are 
two solutions, except in the following cases : 

If log sin B = 0, then sin 5 = 1 (§ 72), and B = 90°, and the triangle 
is a right triangle ; if log sin B is positive, then sin JB is > 1, and the tri- 
angle is impossible. 

119. The results of § 118 may be stated as follows : 

If, of the given sides, that adjacent to the given angle is the less, there 
is but one solution, corresponding to the acute value of the opposite angle. 

If the side adjacent to the given angle is the greater, there are ttvo 
solutions, unless the log sine of the opposite angle is or positive ; in 
which cases there are one solution (a right triangle), and no solution, 
respectively. 

120. We will illustrate the above points by examples ; 

1. Given a = 7.42, 6 = 3.39, J. = 105° 13'; find jB. 

Since 6 is < a, there is but one solution, corresponding to the acute 
value of B. 
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By (47), sin B = 

a 

Whence, log sin B = log b -h colog a -h log sin A, 

log b = 0.530200 
colog a = 9.129596 -10 
log sin ^ = 9.984500 - 10 

log sin B = 9.644296 - 10 
5 = 26° 9' 30.5". 

2. Given 6 = 3, c = 2, 0= 100° ; find B. 

Since 6 is > c, and C is obtuse, the triangle is impossible. 

3. Given a = 22.7643, c = 50, ^ = 27° 5'; find C. 

We have, sinC = ^^i2^. 

a 

log c = 1.698970 
colog a = 8.642746 - 10 
log sin A = 9.658284 - 10 

log sin (7 = 0.000000 
Therefore, sinC=l, and C = 90°. 

Here there is but one solution ; a right triangle. 

4. Given a = .83, b = .715, 5 = 61° 47' ; find A, 

TXT^ -U • A (^ sill ^ 

We have, sm A = • 

b 

log a = 9.919078 - 10 

colog b = 0.145694 

log sin B = 9.945058 - 10 

log sin A = 0.009830 

Since log sin^ is positive, the triangle is impossible. 

EXAMPLES. 
121. Solve the following triangles : 

1. Given a = 5.98, 6 = 3.59, ^ = 63° 50'. 

2. Given 6 = 74.1, c = 64.2, = 27° 18'. 

3. Given 6 = .2337, c=.0982, 5 = 108°. 

4. Given a = 4.254, c=A^Q, C = 37°9'. 

5. Given a = .2789, 6 = .2271, B = 65° 38'. 



/ 



74 PLANE TRIGONOMETRY. 



6. 


Given a = 60.935, 


c = 76.097, 


A = 133° 41'. 


7. 


Given h = 74.8067, 


c = 98.7385, 


= 81° 47'. 


8. 


Given a = 9.51987, 


c = ll, 


A = 59° 56'. 


9. 


Given h = 4.521, 


c = 5.03, 


5 = 40° 32' 7". 


10. 


Given a = 186.82, 


b = 394.2, 


5 -114° 29' 51". 


11. 


Given b = 5143.4, 


c = 4795.56, 


(7 = 72° 53' 38". 


12. 


Given a = .860619, 


c = .635761, 


A = 19° 12' 43". 


13. 


Given a = 139.27, 


b = 195.9716, 


A = 45° 17' 20". 


14. 


Given a = .32163, 


c = .27083, 


0=52° 24' 16". 


16. 


Given b = 91139.04, 


c = 80640.37, 


5 = 126° 5' 34". 



AREA OF AN OBLIQUE TRIANGLE. 
. 1. Given a = 18.063, A = 96° 30' 15", B = 35° 0' 13"'; find K 

By (71), 2A^=5^^HL54^=«'sin^sinOcscA 

sin^ 

Whence, log (2 ^) = 2 log a -f log sin B -f- log sin O -f log esc A, 

From the data, O = 180° - (^ + jB) = 48° 29' 32". 

log a = 1.256790 ; multiply by 2 = 2.513580 

log sin B = 9.758630 - 10 
log sin O = 9.874404 - 10 
log cscJ. = 0.002804 

log(2Jr)= 2.149418 

2 A' =141.065. 
J5r= 70.533. 

EXAMPLES. 

Find the areas of the following triangles : 

2. Given a = 38.09, c=11.2, ^ = 67° 55'. 

3. Given a= 5, & = 8, c = 6. 

4. Given b = 6.074, A = 70° 39', B = BG"" 23'. 

5. Given b = 761.86, c = 526.02, A = 124° 6' 13". 

6. Given a = 97, 6 = 83, c = 71. 

7. Given a = 1.9375, ^ = 43° 18', 5 = 29° 47' 36". 
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8. Given h = .439592, ^ = 62° 40' 8", C = 54° 32' 25". 

9. Given a = 39.5, h = 44.8, c = 52.3. 

10. Given a = .804639, c = . 357173, J5= 18° 11' 49". 

11. Given c = 95.86157, jB = 115° 24' 52", (7= 32° 57' 21". 

12. Given a = .02409481, b = .02763834, C = 81° 9' 34". 

13. Given a = 7.825, 6 = 6.592, c = 9.643. 

MISCELLANEOUS EXAMPLES. 

123. 1. From a point in the same horizontal plane with the base of 
a tower, the angle of elevation of its top is 52° 39', and from a point 
100 ft. further away it is 35° 16'. Find the height of the tower, and its 
distance from each point of observation. 

2. One side of a parallelogram is 56, and the angles between this side 
and the diagonals are 31° 14' and 45° 37'. Find all the sides of the 
parallelogram. 

3. In a field ABCD, the sides AB, BO, CD, and DA are 155, 236, 
252, and 105 rods, respectively, and the diagonal AC is 311 rods. Find 
the area of the field. 

4. The area of a triangle is 1356, and two of its sides are 53 and 69. 
Find the angle between them. 

5. From the top of a bluff, the angles of depression of two posts in 
the plain below, in line with the observer and 1000 ft. apart, are found to 
be 27° 40' and 9° 33', respectively. Find the height of the bluff above the 
plain. 

6. The parallel sides of a trapezoid are 86 and 138, and the angles at 
the extremities of the latter are 53° 49' and 67° 55'. Find the non-parallel 
sides. 

7. Two trains start at the same time from the same point, and move 
along straight railways, which intersect at an angle of 74° 30', at the rates 
of 30 and 45 miles an hour, respectively. How far apart are they at the 
end of 45 minutes ? 

8. Two sides of a triangle are .5623 and .4977, and the difference of 
the angles opposite these sides is 15° 48' 32". Solve the triangle. 

9. Two yachts start at the same time from the same point, and sail, 
one due north at the rate of 10.44 miles an hour, and the other due north- 
east at the rate of 7.71 miles an hour. What is the bearing of the first 
yacht from the second at the end of half an hour ? 
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10. A vessel is sailing due south-west at the rate of 8 miles an hour. 
At 10.30 A.M., a lighthouse is observed to bear 30° west of north, and at 
12.15 P.M., it is observed to bear 15° east of north. Find the distance of 
the lighthouse from each position of the vessel. 

11. Two sides of a parallelogram are 65 and 133, and one of the 
diagonals is 159. Find the angles of the parallelogram, and the other 
diagonal. 

12. To find the distance of an inaccessible object A from a position B, 
I measure a line BC, 208.3 ft. in length. The angles ABC and ACB are 
measured, and found to be 126° 35' and 31° 48', respectively. Find the 
distance AB, 

13. The diagonals of a parallelogram are 81 and 106, and the angle 
between them is 29° 18'. Find the sides and angles of the parallelogram. 

14. A flagpole 40 ft. high stands on the top of a tower. From a posi- 
tion near the base of the tower, the angles of elevation of the top and 
bottom of the pole are 38° 53' and 20° 18', respectively. Find the distance 
and height of the tower. 

15. AD and BC are the parallel sides of a trapezoid ABCD\ the sides 
AB and BC are 7.8 and 9.4, respectively, and the angles B and C are 
113^7' and 125° 34', respectively. Find AD and CD. 

16. A surveyor observes that his position A is exactly in line with 
two inaccessible objects B and C. He measures a line AD 500 ft. long, 
making the angle BAD = 60°, and at D observes the angles ADB and 
BDC to be 40° and 60°, respectively. Find the distance BC 

17. A side of a parallelogram is 48, a diagonal is 73, and the angle 
between the diagonals, opposite the given side, is 98° 6'. Find the other 
diagonal and the other side. 

18. To find the distance between two buoys A and B, I measure a 
base-line CD on the shore, 150 ft. long. At the point C the angles ACD 
and BCD are measured, and found to be 95° and 70°, respectively ; and 
at D the angles BDC and ADC are found to be 83° and 30°, respectively. 
Find the distance between the buoys. 

19. The sides AB, BC, and CD, of a quadrilateral ABCD are 38, 55, 
and 42, respectively, and the angles B and C are 132° 56' and 98° 29', 
respectively. Find the side AD, and the angles A and D. 

20. The sides AB, BC, and DA of a field ABCD are 37, 63, and 20 
rods, respectively, and the diagonals AC and BD ^.re 75 and 42 rods, 
respectively. Find the area of the field. 
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IX. CUBIC EQUATIONS. 

124. We know, by Algebra, that a cubic equation can always be 
transformed into another in which the term containing the square of the 
unknown quantity shall be wanting. 

Thus, if the equation is a;^ + p^ + go? + r = 0, putting x = y —^, we 
have 

or, 2^4./g_^'^^_^_^^_r = 0; 

which is in the required form. 



\. Cardan's Method enables us to solve any cubic equation of the 

form aj^ + aaj H- 6 = 0, except in the case where a is negative, and — 

^2 27 

numerically > — 

In this case, it is possible to find the roots by Trigonometry. 

126. Tngonometric Solution of Cubic Equations. 

To solve the equation 

x^ — ax — b = 0, 

a^ b^ 
where a is positive, and ^> — 

Putting x = 2m cos A, the equation becomes 

8 m* cos^ A — 2 am cos A — b = 0, or 4 cos^ A — ~ cos A = 0. 

mr 2m^ 

But by (36), 4 cos^ A = cosSA-\-S cos A. 

Whence, cos 3^ + 3 cos A cos A = 0. 

m^ 2mr 

Or, cos3^4-f3--^Vos^ = -^. (A) 

We may take m so that 3 — ^ = ; then, 3 m^ = a, and m =\-^ (B) 
Then (A) becomes cos SA = 



2m^ 
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Substituting in this the value of m from (B), we have 

cos 3^ 



=|Vf- (0) 



Since, by hypothesis, -t<wz9 we have — x — < 1. 

Taking the square root of each member of the inequality, ^x/— j < 1- 

Hence, the value of 3 .4 in (C) is possible, since its cosine is < 1. 

b I27 
Let z be the least positive angle whose cosine is equal to o V ~i"* 

Then, one value of 3 ^ is z ; and all its values are given by the 
expression 2 nir ± z (§ 62), where n is or any positive or negative 
integer. 

Whence, cos A = cos ^(2mr ±z). 

Now let n = Sq -\-n', where g is or any positive or negative integer, 
and n' = or ± 1 ; then, 

cos A = cos ^ ^ ^ '^ — ==^- = cos 2 gir H —=^=^- = cos — =^^- ; 

o I _J 

for by § 21, any multiple of 360° may be added to, or subtracted from, 
an angle, without altering its functions. 
Putting n' = 0, 1, and — 1, we have 

cos A = cosf ± - ]j cos — ^^^— , or cos = cos - or cos — ^^ ; 

for by § 29, the cosine of the angle (—A) is equal to the cosine of A, 
But x = 2m cos A ; and hence the three values of x are 

where z is given by the equation cos z = ■^\—' 

EXAMPLES. 

1. Solve the equation a^ — 4a; + 2 = 0. 

I27 I2T 

Here a = 4, 6 = — 2 ; then, cos z = — \-r, or cos ('t— 2j)=a/~ (§ 33). 

By logarithms, log cos (tt — 2) = ^ (log 27 — log 64). 

log 27= 1.431364 
log 64= 1.806180 

2 )19.625184-20 
log cos (tt - 2) = 9.812592-10 
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Then, tt - 2 = 49° 29' 40.5", and z = 130° 30' 19.5". 

Whence, | = 43° 30' 6.5", and 2 J^ = 2^= J^. 



3 

Then the three values of x are 



^cos43°30'6.5", 



yj^cos (120° - 43° 30' 6,5") =yMcos 76° 29' 53.6", 

and \^Gos (120° + 43° 30' 6.5'") = yj^ cos (90° + 73° 30' 6.5") 

= - J^sin 73° 30' 6.5" (§ 30). 
Now, 

log J^ = I (log 16 - log 3) = I (1.204120 ^ .477121) = .363500. (1) 

Also, log cos 43° 30' 6.5" = 9.860549 - 10, (2) 

log cos 76° 29' 53.5" = 9.368242 - 10, (3) 

and log sin 73° 30' 6.5" = 9.981741 - 10. (4) 

Adding (2), (3), and (4) in succession to (1), the logarithms of the 
absolute values of x are 

0.224049, 9.731742 - 10, and 0.345241. 

The numbers corresponding to these logarithms are 

1.67513, .53919, and 2.21432. 

Whence, a? =1.67513, .53919, or -2.21432. 

Solve the following equations : 

2. aj8-4a;-l = 0. 4. a^ + 6aj2- x- 1 = 0. 

3. a^_6aj-f-3 = 0. 5. x^-33i^-2x + l=0. 
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X. GEOMETRICAL PRINCIPLES. 

127. If a triedral angle be formed with its vertex at the centre of a 
sphere, it intercepts on the surface a spherical triangle. 

The triangle is bounded by three arcs of great circles, called its sides, 
which measure the face angles of the triedral angle. 

The angles of the spherical triangle are the spherical angles formed by 
the adjacent sides ; and, by Geometry, each is equal to the angle between 
two straight lines drawn, one in the plane of each of its sides, and per- 
pendicular to the intersection of these planes at the same point. 

The sides of a spherical triangle are usually expressed in degrees. 

Spherical Trigonometry treats of the trigonometric relations 
between the sides and angles of a spherical triangle. 

The face and diedral angles of the triedral angle are not altered by 
varying the radius of the sphere; and hence the relations between the 
sides and angles of a spherical triangle are independent of the length of 
the radius. 

130. We shall limit ourselves in the present work to such triangles 
as are considered in Geometry, where each angle is less than two right 
angles, and each side less than the semi-circumference of a great circle ; 
that is, where each element is less than 180°. 

131. The proofs of the following properties of spherical triangles may 
be found in any treatise on Solid Geometry : 

1. The sum of any two sides of a spherical triangle is greater than 
the third side. 

2. In any spherical triangle, the greater side lies opposite the greater 
angle ; and, conversely, the greater angle lies opposite the greater side. 

3. The sum of the sides of a spherical triangle is less than 360°. 

80 
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4. The sum of the angles of a spherical triangle is greater than 180% 
and less than 540^ 

5. If A'B'C is the polar triangle of ABC, that is, if A, B, and 
are the poles of the sides B*Cy (TA\ and AB\ respectively, then, con- 
versely, ABC is the polar triangle of A^B^CK 




6. In two polar triangles, each angle of one is measured by the sup- 
plement of the side lying opposite the homologous angle of the other; 

that is 

a' =180° -A 6' =180° -A c' = 180°-C. 



A' = 180° - a. 



B' = 180° - 6. 



C = 180° - c. 



A spherical triangle is called tri-rectangular when it has three 
right angles ; each side is a quadrant, and each vertex is the pole of the 
opposite side. 

133. I. Let C be the right angle of the right spherical triangle ABC, 
and suppose a < 90° and b < 90°. 




Complete the tri-rectangular triangle AB'C-, also, since B' is the pole 
of AGj and A' of BC, construct the tri-rectangular triangles AB'D and 

A'BE, 

Then since B lies within the triangle AB'D, AB or c is < 90°. 
Since BC is < B'C, the ans^le ^ is < B'AD, or < 90°. 
Since AC is < A'C, the angle Bis< ABE, or < 90°. 
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II. Suppose a < 90° aaid b >90^ 




Complete the lune ABA'C. 

Then in the right triangle A'BC, A'C = 180° - 6. 

That is, the sides a and A'C of the triangle A'BC are each < 90° ; and 
by I., A'B and the angles A' and A'BC are each < 90°. 

But, c = 180° - A'B, A = A', and B = 180° - A'BC. 

Whence, c is > 90°, A < 90°, and B > 90°. 

Similarly, if a is > 90° and b < 90°, then c is > 90°, A > 90°, and 
B < 90°. 

III. Suppose a > 90° and b >90°. 

a 




A 



b 



Complete the lune ACBC. 

Then in the riglit triangle ABC, AC = 180° - b, and BC = 180° - a. 
That is, the sides AC and BC of the triangle ABC are each <.90°; 
and by I., AB and the angles BAC and ABC are each < 90°. 

But, A = 180° - BAC, and B = 180° - ABC. 

Whence, c is < 90°, A > 90°, and B > 90°. 

Hence, in any right spherical triangle : 

1. If the sides about the right angle are in the same qiiadrant, the hypote- 
nuse is < 90° ; if they are in different quadrants, the hypotenuse is > 90°. 

2. An angle is in the same quadrant as its opposite side. 

134. In the figure of § 131, we have, by § 131, 1, a' <b' ^ c'. 
Putting for a', b', and c' the values given in § 131, 6, we have 

180° - ^ < 180° - 5 + 180° - (7, or ^ -|- C - ^ < 180°. 

Again, by § 130, B + C -f 180° > A ; whence, B^C-A>- 180°. 

Therefore, B-\-C-Ais between 180° and - 180°. 

Similarly, C -f- J. - 5 and A-\-B-C are between 180° and - 180°. 
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XI. BIGHT SPHERICAL TRIANGLES. 

Let C be the right angle of the right spherical triangle ABC, 




Let be the centre of the sphere, and draw OA, OB, and OC. 

At any point A' of OA draw A'B' and A'C perpendicular to OA, meet- 
ing OB and OC at B' and C, and draw B'C 

Then OA is perpendicular to the plane A' B'C, 

Hence, each of the planes A' B'C and OBC is perpendicular to the 
plane OAC, and their intersection B'C is perpendicular to OAC 

Therefore, B'C is perpendicular to A'C and OC 

In the right triangle OA'B', we have 

Aim^i OA' OC^OA' 
cos c = COS A OB' = = X • 

- OB' OB' OC 
But in the right triangles OB'C and OCA', 



OC . OA' , 

- = cos a, and -zr^rr = COS 0, 



OB' 



Whence, 



Again, 



OC 

cos c = COS a cos 6. 



sin^ = sinJ3'^'C" = 



And, 



cos^ = cos5'^'C" = 



In like manner, 



and 



sin 5 = 



cos-B = 



B'C 


OB' 
 A'B' ' 


sin a 


A'B'~ 


sine 




OB' 






A'C 


* 


A'C 
A'B'~^ 


OA' 

' A'B'~ 

OA' 


tan 6 
tanc 


sin 6 






smc 






tana 







(75) 



(76) 



tanc 



(77) 



(78) 



(79) 



« * 



 • 
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136. The proofs of § 135 cannot be regarded as general, for in the 
construction of the figure we have assumed a and h, and therefore c and 
A (§ 133), to be less than 90°. 

To prove formulae (75) to (79) universally, we must consider two addi- 
tional cases : 

Case I. Wlien one of the sides a and b is < 00°, and the other > 90°. 




In the right spherical triangle ABC, let a be < 90° and b > 90°. 
Complete the lune ABA'C ; then, in the spherical triangle A'BC, 

A'B = 180° - c, A'C = 180° -b, A'^ A, and A'BC = 180° - B. 

But by § 133, c is > 90°, A < 90°, and B > 90°. 

Hence, each element, except the right angle, of the right spherical 
triangle A'BC is < 90° ; and we have by § 135, 

cos A'B = cos a cos A'C, 

sin A' = -^^^, HlnA'BC = ^'"^ ^'^ 



sm 



A'B^ sin A'B' 



cos^' = *554;^, cosA'BC^ *^^^ 



t3,n A'B tan^'jB 

Putting for A'B, A'C, A' and A'BC their values, we have 

cos (180° - c) = cos a cos (180° - b), 

sin A = ^^" « , sin (180° - 5) = si^a^O--^) 

sin(180°-c)' ^ ^ sin(180°-c)' 

cos A = tan(180°-&) .^ ^o _ ^. ta^o 

tan(180°-c)' ^ ^ tan (180° -c) 

Whence, by § 33, — cose = cosa(— cos b), 

.^ ^ sin a . -r, sinb 

sm A = -: — , sm B = — — , 

sin c sm c 

ft 

^^« A —tan 6 T> tana 

cos A = , — cos B = 



— tan c — tan c ' 

and we obtain formulae (75) to (79) as before. 

In like manner, the formulae may be proved to hold when a is > 90* 
and b < 90°. 



i 
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Case II. When both a and b are > 90°. 




In the right spherical triangle ABC, let a and 6 be > 90°. 
Complete the Inne ACBC. 
By § 133, c is < 90°, A > 90°, and B > 90°. 

Hence, each element, except the right angle, of the right spherical 
triangle ABC is < 90° ; and we have by § 135, 

cos c = cos AC cos BC, 

• -D Ant sin BC ' A -orn sin AC 

sin BAC = — : , sin ABC = — : , 

sm c sin c 

cos BAC = *?5j1^, cos ABC = ^^^^' . 

tan c tan c 

Putting for AC, BC, BAC, and ABC their values, we have 

cos c = cos (180° - a) cos (180° - 6), 

sin(180°-^)=?iH(155!^l^, sin(180°-^) = ?iHil?2!j^, 

sin c sm c 

tanc tanc 

Whence, by § 33, cos c = ( — cos a) ( — cos b), 

4 sin a . -n sin 6 

sinJ. = -^ — , 8mB = — — , 

sm c sin c 

^ — tan b 7^ — tan a 
— cos ^ = , — cos JB = ; 

tan c tan c 

and we obtain formulae (75) to (79), as before. 

137. From (76) and (77), we obtain 

fn A — ^^^^"^ — sinc& tan c sin a 



C08A sine tan 6 cose tan 6 

Whence by (75), . tan ^ = ^^ = ^^. (80) 

cosacos6tan6 sin6 ^ 

In like manner, tan B = — — -• (81) 

sin a '^ 



86 SPHERICAL TRIGONOMETRY. 

By (4), sin a = cos a tana ; then (76) may be written 

tang 

. cos a tana tanc 
sm^ = 



cos c tan c cos c 
Whence by (75) and (79), 



cos a 



sm A = (82) 

cos6 ^ ^ 

In like manner, sin B = ^^ — (83) 

cos a 

139. From (75), (82), and (83), we have 

cos c = cos a cos b = ^^^ x ^^^ = cot A cot JB. (84) 

sm B sin A 

140. The formulae of §§ 135 to 139 are collected below for convenience 

of reference : 

cos c = cos a cos b. 

A sin a . T> sin b 

sm A = — sm B = -: — • 

sin c sm c 

^ tan b ^ -o tan a 

cos A = cos B = 

tan c tan c 

, ^ tan a i. -d tan b 
tan ^ = -: tan B = — 

sin b sm a 

. I cos 5 . T> cos -4 
sin A = sm 5 = • 

cos b cos a 

cos c = cot A cot -B. 

The student should compare the formulae for the sines, cosines, and 
tangents of A and B with the corresponding formulae in §§ 2 and 5. 

141. Napier's Enles of Circular Parts. 

These are two rules which include all the formulae of § 140. 



CO. D 



CO. c 



CO. A 




In any right spherical triangle, the elements a and 6, and the comple- 
ments of the elements A, B, and c (written in abbreviated form, co. A, 
CO. B, and co. c), are called the circular parts. 
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If we suppose them arranged in the order in which the letters occur in 
.the triangle, any one of the live may be taken and called the middle part; 
the two immediately adjacent are called the adjacent parts, and the 
remaining two the opposite parts. 

Then Napier's rules are : 

I. The sine of the middle part is equal to the product of th^ tangents of 
the adjacent parts, ^ 

II. The sine of the middle part is equal to the product of the cosines of 
the opposite parts, x 

1^, Napier's rules may be proved by taking each circular part in 
succession as the middle part, and showing that the results agree with the 
formulae of § 140. 






1. If a be taken as the'nviddle part, h and co. B are the adjacent parts, 
and CO. c and co. A the opposite parts. 

Then the rules give 

sin a = tan b tan (co. E), and sin a = cos (co. c) cos (co. A), 
Or by § 32, sin a = tan b cot B, and sin a = sin c sin A ; 
which are equivalent to (81) and (76). 

2. If b be taken as the middle part, a and co. A are the adjacent parts, 
and CO. c and co. B the opposite parts. 

Then, sin b = tan a tan (co. A) = tan a cot A, 

and sin b = cos (co. c) cos (co. B) = sin c sin B*, 

which are equivalent to (80) and (78). 

3. If CO. c be taken as the middle part, co. A and co. B are the adjacent 
parts, and a and b the opposite parts. 

Then, sin (co.c) = tan (co. A) tan (co. B), and sin (co. c) = cos a cos b. 

Or, cos c = cot A cot B, and cos c = cos a cos b ; 

which agree with (84) and (75). 

4. If CO. A be taken as the middle part, b and co. c are the adjacent 
parts, and a and co. B the opposite parts. 

Then, sin (co. A) = tan b tan (co. c), and sin (co. A)=coq a cos (co. B). 

Or, cos A = tan b cot c, and cos A = cos a sin JB ; 

which are equivalent to (77) and (83). 
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5. If CO. B be taken as the middle part, a and co. c are the adjacent 
parts, and b and co. A the opposite parts. 

Then, sin (co. B) = tan a tan (co. c), and sin (co. B) = cos b cos (co. A). 

Or, cos B = tan a cot c, and cos B = cos b sin ^ ; 

which are equivalent to (79) and (82). 

Writers on Trigonometry differ as to the practical value of Napier's 
rules; but in the opinion of the highest authorities, it seems to be re- 
garded as preferable to attempt to remember the formulae by comparing 
them with the analogous formulae for plane right triangles, as stated in 
§140. 

SOLUTION OF RIGHT SPHERICAL TRIANGLES. 

143. To solve a right spherical triangle, two elements must be given 
in addition to the right angle. 

There may be six cases : 

1. Given the hyjpotenuse and an adjacent angle, 

2. Given an angle and its opposite side. 

3. Given an angle and its adjacent side. 

4. Given the hypotenuse and another side. 

5. Given the two sides a and b. 

6. Given the two angles A and B. 

144. Either of the above cases may be solved by aid of § 140. 

The formula for computing either of the remaining elements when any 
two are given may be found by the following rule : 

Take that formula which involves the given paHs and the required part. 

If all the remaining elements are required, the following rule may be 
found convenient in selecting the formulae : 

Take the three formulce which involve the given parts. 

145. It is convenient in the solution to have a check on the log- 
arithmic work, which may be done in every case without the necessity of 
looking out any new logarithms. 

Examples of this will be found in § 148. 

The check formula for any particular case may be selected from the 
set in § 140 by the following rule : 

Take that formida which involves the three required parts. 

Note. If Napier's rules are used, the following rule will indicate which of the 
circular parts corresponding to the given elements and any required element Is to be 
regarded as the middle part. 

; 
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If these three circular parts are adjacent^ take the middle one as the middle part^ 
and the others are then adjacent parts. 

If they are not adjacent, take the part which is not adjacent to either of the others 
as the middle part,, and the others are then opposite parts. 

For the check formula, proceed as above with the circular parts corresponding to 
the three required elements. 

Thus, if c and A are the given elements, 

1. To find a, consider the circular ^rts a, co. c, and co. A ; of these, a is the 
middle part, and co. c and co. A are opposite parts. Then, by Napier's rules, 

sin a = cos (co. c) cos (co. A) = sin c sin A. 

2. To find 6, the circular parts are 6, co. c, and co. A ; in this case co. A is the 
middle part, and b and co. c are adjacent parts. Then, 

sin (CO. A) = tan b tan (co. c), or cos A = tan b cot c. 

3. To find B, the circular parts are co. B, co. c, and co. A; co. c is the middle part, 
and CO. A and co. B are adjacent parts. Then, 

sin (co. c) = tan (co. A) tan (co. J5), or cos c = cot A cot B. 

4. For the check formula, the circular parts are a, 6, and co.B; a is the middle 
part, and b and co. B are adjacent parts. Then, 

sin a — tan b tan (co. B) — tan b cot B. 

146. In solving spherical triangles, caref nl attention must be given to 
the algebraic signs of the functions ; the cosines, tangents, and cotangents 
of angles between 90° and 180° being taken negative (§ 20). 

It is convenient to place the sign of each function just above or below 
it, as shown in the examples of § 148 ; the sign ot the function in the first 
member being then determined in accordance with the principle that like 
signs produce -f, and unlike signs produce — . 

Note. In the examples after the first of § 148, the signs are omitted in every case 
where both factors of the second member are + . 

147. In finding the angles corresponding, if the function is a cosine, 
tangent, or cotangent, its sign determines whether the angle is acute or 
obtuse; that is, if it is +, the angle is acute; and if it is — , the angle is 
obtuse, and the supplement of the acute angle obtained from the tables 
must be taken (§ 33). 

If the function is a sine, since the sine of an angle is equal to the sine 
of its supplement (§ 33), both the acute angle obtained from the tables 
and its supplement must be retained as solutions, unless the ambiguity 
can be removed by the principles of § 133. 
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EXAMPLES. 

14a 1. Given B = 33° 50', a = 108°; find A, b, and c. 
By the rule of § 144, the formulae from § 140 are, 

n COS A . T> tan 6 j t> tana 
sin B = , tan B = -; — , and cos B = • 

cos a sm a tan c 

— — + 4- + — — ^^ ^ 

Or, cos A = cos a sin B, tan 6 = sin a tan B, and tan c = • 

cos 5 

+ 



Hence, 



log cos A = log cos a -f log sin B. 
log tan b = log sin a -\- log tan B, 
log tan c = log tan a — log cos B. 



Since cos A and tan c are negative, the supplements of the acute angles 
obtained from the tables must be taken (§ 147). 

Note 1. When the supplement of the angle obtained from the tables is to be 
taken, it is convenient to write 180^ minus the element in the first member, as shown 
below in the cases of A and c. 

By the rule of § 145, the check formula for this case is 

cos A = , or log cos A = log tan b — log tan c. 

tanc 

The values of log tan b and log tan c may be taken from the first part 
of the work, and their difference should be equal to the result previously 
found for log cos A. 



log cos a = 9.489982 - 10 
log sin B = 9.745683 - 10 



log cos A = 9.235665 - 10 

180° -^ = 80° 5 '33.8". 
^ = 99° 54 '26.2". 

log sin a = 9.978206 - 10 
log tan B = 9.826259 - 10 

log tan b = 9.804465 - 10 
b = 32°30'59.S". 



log tan a = 0.488224 

log cos B = 9.919424 - 10 

log tanc =0.568800 

180° -c= 74° 53' 45.0". 
c = 105° 6' 15.0". 

Check. 
log tan b = 9.804465 - 10 
log tan c = 0.568800 

log cos^ = 9.235665 - 10 



2. Given c = 70° 30', A = 100° ; find a, b, and B. 
In this case the three formulae are 

J sin a A tan b -y i. a *. -n 

sm A = — — , cos A = , and cos c = cot A cot B. 



smc 



tan c 



- + - - + - 

Or, sin a = sin c sin A, tan b = tan c cos A, and cot B = cos c tan A» 
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Here the side a is determined from its sine; but the ambiguity is 
removed by the principles of § 133 ; for a and A must be in the same 
quadrant. Therefore, a is obtuse; and the supplement of the angle 
obtained from the tables must be taken. 

By § 145, the check formula is 

tan 6 



tan 5 = 



or sin a = tan 6 cot 5. 



sin a 



Note 2. The check formula should always be expressed in terms of the functions 
used in determining the required parts ; thus, in the case above, the check formula is 
transformed so as to involve cot B instead of tan B. 



log sin c 
log sin A 



9.974347 - 10 
9.993351 - 10 



log cos c 
log tan ^ 



9.523495 ~ 10 
0.753681 



log sin a =9.967698-10 

180° -a- 68° 10 '28.2". 
a = lir49'31.8". 

log tan c =0.450851 

log cos A = 9.239670 - 10 


log cot B = 0.277176 

180° -5 = 27° 50 '39.8". 
5 = 152° 9' 20.2". 

Check. 



log tan b 

180° - b 
b 



9.690521 - 10 

26° 7' 18.4". 
153° 52' 41.6". 



log tan ft =9.690521 
log cot B = 0.277176 



-10 



log sin a = 9.967697 - 10 



Note 3. We observe here a difference of .000001 in the two values of log sin a. 
This does not necessarily indicate an error in the work, for such a small difference 
might easily be due to the fact that the logarithms are only approximately correct to 
the sixth decimal place. 

3. Given a = 132° 6', 6 = 77° 51' ; find A, B, and c. 
In this case the three formulae are 

A~ A tana , -r» tan 6 j " "~ , 

tan^ = -^ — , tan 5 = -: — , and cos c = cos a cos 6. 

sin b sin a 

The check formula is 

cos c = cot A cot By or cos c tan A tan 5 = 1. 

That is, log cos c + log tan A -\- log tan B = log 1 = 0. 

log tan a = 0.044039 log cos a = 9.826351 - 10 

log cos b = 9.323194 - 10 



log sin 6 =9.990161-10 

log tan ^ = 0.053878 
180° -^ = 48°32' 41.8". 
^ = 131° 27' 18.2". 



log cos c = 9.149545 - 10 
180° - c = 81° 53' 17.4". 
c = 98° 6' 42.6". 
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Check. 

log tan 6 =0.666967 log cose =9.149545-10 

log sin a = 9.870390 - 10 log tan ^ = 0.053878 

log tan 5 =0.796577 log tan ^ = 0.796577 
B = 80° 55' 26.6". log 1 = 0.000000 

4. Given A = 105° 59', a = 128° 33' ; find 6, B, and c. 
The f ormulse are 

."^, tana -'^ -n cos^ „ ^ „. sin a 

sm 6 = , sm 5 = ^, and sm c = -: — -• 

tan ^ cos a sm ^ 

sin 6 



The check formula is sin 5= 



sin c 



In this case, each of the required parts is determined from its sine ; 
and as the ambiguity cannot be removed by § 133, both the acute angle 
obtained from the tables and its supplement must be retained in each 
case. 

log tan a =0.098617 log sin a =9.893243-10 

log tan A = 0.542981 log sin A = 9.982878 - 10 

log sin 6 =9.555636-10 log sine =9.910365-10 

6 = 21° 3' 58.7" e = 54° 26' 26.7" 

or 158° 56' 1.3". or 125° 33' 33.3". 

Check. 

log cos A = 9.439897 - 10 log sin b = 9.555636 - 10 

log cos a =9.794626-10 log sine =9.910365-10 

log sin B = 9.645271 - 10 log sin B = 9.645271 - 10 

^ = 26° 13' 18.2" 
or 153° 46 '41.8". 

It does not follow, however, that these values can be combined pro- 
miscuously ; for by § 133, since a is > 90°, with the value of b less than 
90° must be taken the value of e greater than 90°, and the value of B less 
than 90° ; while with the value of b greater than 90° must be taken the 
value of c less than 90°, and the value of B greater than 90°. 

Thus the only solutions of the example are : 

1. 5 = 21° 3' 58.7", c = 125° 33' 33.3", ^ = 26° 13' 18.2". 

2. «; = 158° 56' 1.3", c = 54° 26' 26.7", ^ = 153° 46' 41.8". 
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Note 4. The ligure shows geometrically why there are two solutions in this case. 

B 



For if AB and ^C be produced to A', forming the lune ABA'C, the triangle 
A'BC has the side a and the angle A' equal, respectively, to the side a and the angle 
A of the triangle ABC, and both triangles are right-angled at C. 

It is evident that the sides A'B and A'C and the angle A'BC are the supplements 
of the sides c and b and the angle ABC^ respectively. 

Solve the following right spherical triangles : 

5. Given c = 49°, a = 27°. 

6. Given ^ = 38% ^ = 63°. 

7. Given ^ = 31°, a = 23°. 

8. Given 5 = 153°, a = 35°. 

9. Given a = 15°, 6 = 106°. 

10. Given c = 139°, ^1 = 165°. 

11. Given B = 82° 25', b = 68° 35'. 

12. Given c = 75°37', 5 = 29° 4'. 

13. Given c = 118°49', 6 = 44° 23'. 

14. Given a = 171° 6', 6 = 161° 58'. 

15. Given B = 100° 40', a = 170° 38'. 

16. Given ^ = 102° 57', ^ = 143° 46'. 

17. Given a =10° 28', 6 = 7° 10'. 

18. Given ^ = 54° ir, 6 = 83° 29'. 

19. Given ^ = 50° 43', 5 = 122° 18'. 

20. Given c = 59°3', ^ = 147° 32'. 

21. Given B = 103° 30', b = 132° 54'. 

22. Given ^ = 95° 15', 6 = 166° 7'. 

23. Given c = 78°52', a = 114° 26'. 

24. Given c = 127°9', ^ = 80° 51'. 

25. Given ^ = 98° 34', a =113° 12'. 

26. Given c=136°21', 6 = 157° 41'. 
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149. Qnadrantal Triangles. 

A spherical triangle is called quadrantal when it has one side equal to 
a quadrant. 

By § 131, 6, the polar triangle of a quadrantal triangle is a right 
spherical triangle. 

Hence, to solve a quadrantal triangle, we have only to solve its polar 
triangle, and take the supplements of the results. 

1. Given c = 90°, a = 67° 38', b = 48° 50' ; find A, J5, and C. 
Denoting the polar triangle by A'B^C\ we have by § 131, 6 : 

C" = 90°, A^ = 112° 22', B' = 131° 10' ; to find a', 6', and c'. 
By § 144, the formulae for the solution are 

~ , cos^' "",, cosB' ^ n "*" , 7^, .~Df 
cos a' = — -, cos &' = -: — -, and cos c' = cot-4' cot B\ 

sm B' sin A^ 

+ + 

The check formula is cos c' = cos a' cos &'. 

log cos A = 9.580392 - 10 log cot A' = 9.614359 - 10 

log sin 5' = 9.876678 - 10 log cot 5' = 9.941713 - 10 

log cos a' =9.703714-10 log cos C =9.556072-10 

180° - a' = 59° 38' 9.7". c' = 68° 54' 41.5". 

log cos 5' = 9.818392 - 10 Ol^eck, 

log sin A' = 9.966033 - 10 log cos a' = 9.703714 - 10 

log cos 6' = 9.852359 - 10 ^^^ ^^^ ^' = 9.852359 - 10 

180° - 6' = 44° 37' 5.8". log cos c' = 9.556073 - 10 

Then in the given quadrantal triangle, we have 

^ = 180° -a' = 59° 38' 9.7", 
B = 180° - 6' = 44° 37' 5.8", 
(7 = 180° - c' = 111° 5' 18.5". 

EXAMPLES. 

Solve the following quadrantal triangles : 

2. Given A = 122°, h = 154°. 

3. Given A= 45° 52', 5 = 139° 24'. 
. 4. Given a= 30° 19', (7= 42° 31'. 

5. Given B = 51° 35', C = 116° 13'. 

6. Given A = 105° 8', a = 104° 56'. 

7. Given a= 67° 27', h=^ 81° 40'. 
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150. Isosceles Spherical Triangles. 

We know, by Geometry, that if an arc of a great circle be drawn from 
the vertex of an isosceles spherical triangle to the middle point of the 
base, it is perpendicular to the base, bisects the vertical angle, and divides 
the triangle into two symmetrical right spherical triangles. 

By solving one of these, we can find the required parts of the given 
triangle. 

1. Given a = 115°, b = 115% C= 71° 48'; find A, B, and c. 

Denoting the elements of one of the right triangles by A', B', O, a', 
b', and c', where O is the right angle, we have 

c' = a = 115% and A' = ^C= 35° 54'. 

We have then to find the parts a' and B' in this triangle. 

By § 140, sin A' = -]^—. and cos c' = cot A' cot B', 

sin c 

- + 
Or, sin a' = sin c' sin A', and cot B' = cos c' tan A'. 

log sin c' = 9.957276 - 10 log cos c' = 9.625948 - 10 

log sin A' = 9.768173 - 10 log tan A' = 9.859666 - 10 

log sin a' = 9.725449 - 10 log cot B' = 9.485614 - 10 

a' = 32° 6' S.&'. 180° - B' = 72° 59' 23.5". 

^' = 107° 0' 36.5". 
Then in the given isosceles triangle, 

^ = ^==^'=: 107° 0' 36.5", and c = 2 a' = 64° 12' 17.2". 



EXAMPLES. 

Solve the following isosceles spherical triangles : 

2. Given A = 27° 12', B = 27° 12', c = 135° 20'. 

3. Given a = 152° 6', & = 152°6', C= 67° 46'. 

4. Given a = 112'' 25', 6 = 112° 25', c = 123°48'. 

5. Given A = 159°, B = 159°, a = 137° 39'. 
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XII. OBLIQUE SPHERICAL TRIANGLES. 

GENERAL PROPERTIES OP SPHERICAL TRIANGLES. 

151. In any spherical triangle, the sines of the sides are proportional to 
the sines of their opposite angles. 





Let ABC be any spherical triangle, and draw the arc CD perpen- 
dicular to AB, 

There will be two cases according as CD falls upon AB (Fig. 1), or 
upon AB produced (Fig. 2). 

In the right triangle ACD, in either figure, we have 



^ sin CD , /_^v 
sm A = — : — r— , by (76). 



Also, in Fig. 1, 
And in Fig. 2, 



sin 5 = 



sin b 
sin CD 



sm a 
sin B = sin (180° - CBD) 

= sin CBD (§ 33) = 



sin CD 

m 

sin a 



'Dividing these equations, we have in either case 

sin CD 
sin A 



sin b 



sin a 



In like manner, 



sin B sin CD sin b 
sin a 

sin B sin b 



apd 



sin C sin c 

sin A _ sin a 
sin C sin c 



(85) 



(86) 



(87) 



In any spherical triangle, the cosine of any side is equal to the 
product of the cosines of the other two sides, plus the continued product of 
their sines and the cosine of their included angle. 
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In the right triangle BCD, in Fig. 1, § 151, we have, by (75), 

cos a = cos BD cos CD = cos (c — AD) cos CD, 
And in Fig. 2, 

cos a = cos BD cos CD = cos (AD — c) cos GD. 

Whence, in either case, by (12), 

cos a = cos c cos AD cos (7Z> -f sin c sin JLD cos CD. 

But in the right triangle ACD, 

cos J.Z> cos CD = cos ft, by (75). 

And, sin AD cos CD = sin ^D -—- = cos b tan AD 

' cm AD 

= sin b— — -— = sin b cos A, by (77). 
tan 6 ' J \ J 

Whence, cos a = cos b cos c + sin 6 sin c cos A. (88) 

In like manner, cos b = cos c cos a -f sin c sin a cos 5, (89) 

and cos c = cos a cos 6 + sin a sin 6 cos C. (90) 

I. Let ABO and A'B'C be a pair of polar triangles. 




Applying formula (88) to the triangle A'B'C, we obtain 

cos a' = cos b' cos c' + sin 6' sin c' cos A'. 

Putting for a', b', &, and A' the values given in § 131, 6, we have 

cos (180° -A) = cos (180° - B) cos (180° - O) 

-f sin (180° - B) sin (180° - (7) cos (180° - a). 

Whence, — cos ^ = (— cos B)(— cos C) + sin B sinC{— cos a) (§ 33). 

That is, cos A = — cos B cos (7 + sin B sin C cos a. (91) 

Similarly, cos B = — cos C cos ^ + sin C sin ^1 cos 6, (92) 

and cos C = — cos -4 cos .B + sin A sin 5 cos c. (93) 

The above proof illustrates a very important application of the thfeory 
of polar triangles to Spherical Trigonometry. 
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If any relation has been found between the elements of a spherical 
triangle, an analogous relation may be derived from it, in which each side 
or angle is replaced by the opposite angle or side, with suitable modifica- 
tions in the algebraic signs. 

154. To express tlie sines, cosines, and tangents of the half-angles of a 
8pfieri(xd triangle in terms of the sides of the triangle. 

P>om (88;, § 152 sin b sin c cos A = cos a — cos b cos c. 

txTx. ^ A COS a — cos b cos c / . v 

Whence, cos A = -. — ; — : (A) 

sm b sin c 
8ul:)tracting both members from 1, we have 

4 AH cos a — cos b cos c cos b cos c -4- sin b sin c — cos a 

1 — cos ^ = 1 : — - — : = ; — —-. 

Sin b sin c sin b sin c 

xxTx. u /«,\ o • 21 >< cos(& — c)— cosa 

Whence, by (31), 2 sin^ iA = ^^^ — z-A 

' "^ ^ ^ sm 6 sin c 

But by (20), cos y — cos aj = 2 sin ^ (a; + y) sin ^(x — y). (B) 

Whence, 2 8in'i^ = ^^'"^^" + ^^ " ''>J ^'"^ 1^^-^^ -^)^, 

■* sin sin c 

ni„2i . _ sin^(a + 6-c)sin^(a-6 + c) 

or, sin A JL = -. — z — -. • 

' ^ sin b sin c 

Denoting the sum of the sides, a -f 6 + c, by 2 s, we have 

a + b — c={a-\-b-\-c)—2c = 28 — 2c = 2(8 — c), 

and a-6 + c=(aH-6 4-c)-26 = 2s-26 = 2(«-6). 

Whence, sin« ^ A = ?iMlrL^)_sirK.^_^ 

-* sin sin c 



Or, 8inM=Ar^^^^^Si^. (94) 

^ ^ Sin sin c ^ '^ 

/sin (,s - c) sin (s — a) ,q->. 

In like manner, sin\B=\ ^ — -. — --^ -, (95) 

' - ^ sin c Sin a 

. • 1 i-f ^ /sin (i{ — a) sin (.s — b) ._. 

and suUC=\/ . . , ^- (96) 

•* ^ sill a sin ^ 

Again, adding both members of (A) to 1, we have 

. 4 cos a — cos b cos c cos a — (cos b cos c — sin b sin c) 
sm b sm c sm b sm c 

Tirv u /•^N »> 2 1 < cos a — cos {b 4- ^^'l 

Whence, by (32), 2 oos^ iA = — • r • - • 

^ ^ ' ^ sin 6 sm c 
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rrx. I. /T>\ o 9 1 /« 2 sin J- (6 -f c -f a) sin 1 (ft 4- c — a) 

Then by (B), 2 cos- \A = ^-^^ -. — j^ — ^-^ ^^ 

•^ ^ ^ ^ sin 6 sin c 

Putting a + 6 + c = 2s, whence h -{- c — a = 2 {s — a), we have 

, , , sin s sin (s — a) 

cos* iA= -. — i-A ^. 

^ sin b sm c 



^ , . /sin s sin (s — a) , ^ 

Or, cos i ^ =\ ;— y-A ^. (97) 

' •* If sin /j sin /? ^ ^ 



X 1-1 1 -r» /sin s sin (s — b) ,^^. 

In hke manner, cos^B=\ -. ^ ^, (98) 

^ ^ sm c sin a 

, , ^ /sin s sin (s — c) , ^ 

and cosi-(7=V ^ \ , ^ - (99) 

^ ^ sin a sm 6 ^ ^ 

Dividing (94) by (97), we have 



^ ^ sm b sm c ^ sin s sin (s — a) 

Vsin (s — 6) sin (s — c) • 
sin <e sin (& — n\ 



sin s sin (s — a) 



(100) 



T Ti ^ , ▼> /sin (s — c) sin (.s — a) /-^_ 

In like manner, tan 4 5 = \/ ^^ ! ^ ^^ — -^ (101 

'• i» sin .<} sm ist — n\ 



sin 5 sin (s — 6) 

, „ /sin (s — a) sin (s — ft) , ^ 

and tan ^ (7 =\/ — ^ / , . ^ - (102) 

^ ^ sin s sin (s — c) ^ ^ 

155. To express the sineSj cosines, and tangents of the half-sides of a 
spherical triangle in terms of the angles of the triangle. 

From (91), § 163, sin B sin O cos a = cos J. + cos^ cos C. 

^iTP-, cos A + cos B cos C / a >, 

Whence, cos a = . ' . — (A) 

' sin^smC ^ ^ 

mv 11 COS A H- COS B cos C 
Then, 1 - cos a = 1 , . 

sm B sin (7 

n 9 • 21 _ —(cos -B cos (7 — sin B sin (7) — cos ^ 
ur, ^ sm Y 0- ; — -- — - — — 

^ sin 5 sm C 

___ cos(jB+ C)-\-cosA ^ 
sin B sin (7 

Then by (19), 2sin^a = -^^'^^^ + '' + i^^'^^^+ "" -^\ 
•^ ^ '^^ -^ sm^sinC 
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Denoting the sum of the angles, A -\- B -\- C, by 2 S, we have 

B-\-C-A = 2{S-A). 

wT-u^ • s 1 COS S COS (8 — A^ 
Whence, sin* i a = -. — — ^ — — — ^• 

sin B sm C 



n • 1 / GOSS (iOS(S — A) /•■/y»\ 

Or, sm^a=\/ . j> - rt (^^) 

^ sin 5 sin C 

In like mannner, sin i 6 =-JI^?^^MEM, (i04) 

and sinic=J-gg^ ^"f(^-^) . (105) 

^ sm^sinJB 

Again, adding both members of (A) to 1, we have 

^ , -I , cos A -h cos B cos O cos A + cos 5 cos (7 4- sin ^ sin C 

l + cosa = l-f . p . ^, = . p . ^ 

sin B sin C sin 5 sm C 

mv o 2 1 cos A + cos (jB — C) 

Then, 2 cos^^a = ."^ ^ .^^ ^ ^ 

sin xj sm O 

_ 2cos^[^4-^-g]cos^[^-(^-(7)] ^ 
~" sin 5 sin C 

Or cosH a = <^om^ + B - CI)coaU^- B+ G) _ 

' sin^sinC 

But^ + B-C'=2(-8-e), aiid A- B + C=2(S - E). 

Whence, cosH« = ""^^^T-^>""^^^- ^> - 

Sin B sm (7 



^ 1 /cos (aS — 5) cos (S — (7) /Trtcx 

Or, cos ^ a = -v^ ^^ i, - n (^^) 

^ sm B sin (7 



In like manner, cos i b = J<^^(.S -C)coa(S - A) ^^^^ 

ir sm f7sm A 



sin C sin A 
and 



1 /cos (iS — A) cos (/S' — -B) /-rto\ 

cos i c = A^ 5^ — . j . p ^- . (1<») 

^ sm ^ sm B 

Dividing (103) by (106), we have 



tan4a=xP— ^^^^^^^^^-^) (109) 

^ \ r>.ns r.S' _ m p.ns {S-rr\ ^ ^ 



cos(/S-5)cos(aS'-0) 



In like manner, tan^ft =^ cos 6' cos (^ -^) (^q) 

^ COS (iS — (7) cos (o — A) 

and tan^c=J gos'ScosC^- C) 1 ^^-^ 

^ ^ cos(S -A) cos (S-B) ^ ' 
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NAPIER^S ANALOGIES. 

:. Dividing (100) by (101), we have 



tan^^_ /sin (s — b) sin (s — c) I sin s sin (s — b) 
tan^jB"^^ sinssin(« — a) ^'sin(8 — c) sin(s — a) 

^ sin^^cos^B_ /sin^(s-^fe)__sin(« — 6) 

' cos ^^ sin ^ B ~"^ sin^ (s — a) ~ sin(s — a)' 

Whence by composition and division, 

sin ^^ cos ^B -\- cos -J- -4 sin ^B __ sin(s — b)-\- sin (s — a) 
sin^-4cos^5 — cos^^ sin^^""" sin(s — b)— sin(s — a) 

Then by (9), (11), and (21), 

sin(^^ -h ^B) _ tan-|-[s — b -\- s — a] 
sinliA -^B)" tan^[s - 6 -(s - a)]* 

But s — 6 + « — a = 25 — a — 6 = c. 

Whence sm)^{A + B) _ tan^c 

w nence, ^. ^ |(^ - jB) " tan ^ (a - 6) ^^^> 

157. Multiplying (100) by (101), we have 



^ ^ \ sinssinfs — a) ^ si 



8 — c)sin(s — a) 



(s — a) ^ sin s sin (s — 6) 

^ sin -^ A sin ^ jB _ /sin^ (s — c) _ sin (s — c) 

' cos ^^ cos ^J?"'^' sin^s ~ sins 

Whence by composition and division, 

cos^^cos^-B — sin^^sin^B_sins — sin(s — c) 
cos ^ -4 cos ^ J5 + sin^^sin^5~sins-f- sin(« — c) 

Or, by (21), ^"^il^ + iS = tani[^-(a-c)] , 

' -^ ^ ^' cos{^A — ^B) tan^[s + s — c] 

But s + s — c = 2s — c = a + 6. 

Whence cosi(^ + B) tanjc 

w nence, ^^^ i (^ - J5) tan i (a + ft) ^ ^ 



Applying formula (112) to the triangle A'B'C, in the figure of 

§ 153, we obtain 

smi(A'+B') _ tan^c^ 

sin^(u4' - B") - tan^(a' - b')' 
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But, ^(A* 4- B") = i(180° - a + 180° - 6)= 180° - i(a + 6) ; 
^(A'-B') = i (180° - a - 180° + ft) = - |(a - 6) ; 
^c' = |(180°-C)=90°-i(7; 
and ^(a' - 6')= ^(180° - ^ - 180° + B)=- ^(A - 5). 

Whence ^i^P^?!^ ^^+M - tan (90° -j (7) 

sin[-f(a-6)] -tan[-^(^-iJ)]* 

Therefore, by §§ 29, 32, and 33, 

sin^(a-|-6) _ cot^C 

— sin^(a — b)~ — tan|-(J. — -B) 

Or si ni(a + ^>) _ cot^C 

^ ' sin iia-b)~ tan|(-4 - ^) ^ ^ 

In like manner, from (113), we obtain 

cos^jA' -\- B ") _ tani-c^ 
cos i (A' - IT) ~~ tan ^ (a' + ^>')* 

But, i(a' -f- &')= i(180° - ^ + 180° - B)= 180° - 1(^ + B), 

cos[180°-Ka + g>)] _ tan(90°-iC) 
. ^^''^"^^' cos[-|(a-6)] ~tan[180°-^(^ + J5)]* 

Therefore, by §§ 29, 32, and 33, 

— cos ^ (a + 6) _ cot -^ C 

cos ^(a — b) ~~ — tan^(^ -f J5) 

cos^(a + 6) ^ cot ^(7 , 

cosi(a-6) tani(^ + ^)* ^ ^ 

159. The formulae exemplified in §§ 156, 157, and 158 are known as 
Na])ier^s Analogies. In each case there may be other forms according 
as other elements are used. 

SOLUTION OF OBLIQUE SPHERICAL TRIANGLES. 

160. In the solution of oblique spherical triangles, we may distinguish 
six cases : 

1. Given a side and the adjacent angles. 

2. Given two sides and their included angle. 

3. Given the three sides. 

4. Given the three angles. 

5. Given two sides and the angle opposite to one of them, 

6. Given two angles and the side opposite to one of them. 
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By application of the principles of § 131, 6, the solution of an exam- 
ple under Case 2, 4, or 6, may be made to depend upon the solution of an 
example under Case 1, 3, or 5, respectively ; and vice versa. 

Hence, it is not essential to consider more than three cases in the 
solution of oblique spherical triangles. 

The student must carefully bear in mind the remarks made in §§ 146 
and 147. 

161. Case I. Given a side and the adjacent angles. 

m 

1. Given A = 70°, B = 132°, c = 116°; find a, 6, and C. 

By Napier's Analogies (§§ 156, 157), we have 

sin ^(B-\- A) _ tan -J- c , cos ^ (jB + ^) _ tan ^ c 

sin 1(3 - A) '~ tan ^(b- a)' ^^ cos ^(B-^A) ~ tan ^ (6 -f- a) ' 

Whence, tan ^(b — a) = sin ^(B — A) esc ^{B-{- A) tan ^ c, 

- + - + 

and tan |(6 + a) = cos ^ (5 — J.) sec -^ (J5 -|- ^) tan ^ c. 

From the data, i(B- A) = 31°, i(B-\'A) = 101°, | c = 58°. 

log sin i(B-A) = 9.711839 - 10 log cos i(B-A) = 9.933066 - 10 
log CSC ^(B-{-A) = 0.008053 log sec ^ (B + A) = 0.719401 

log tan ^ c = 0.204211 log tan ^ c = 0.204211 



log tan i(b-a)= 9.924103 - 10 log tan -^ (6 + a) = 0.856678 

1 (5 _ a) = 40° V 7.7". 180° - ^ (6 4. a) = 82° 4' 51.8". 

1(6 4. a) = 97° 55' 8.2". 

Then, a = ^ (6 + a) - ^ (ft - a) = 57° 54' 0.5", 

and b = ^(b-{-a)-hi(b-d) = 137° 56' 15.9". 

To find C, we have by § 158, 

cot i = gji^^ tan ^ (5--^) = sin i (6+a) CSC i (6~a) tan I (5-^> 

log sin i(b-\-d) = 9.995839 - 10 
log CSC ^(b-a) = 0.191763 
log tan i(B- A) = 9.778774 - 10 

log cot i (7 = 9.966376 - 10 

^(7=47° 12' 56.7", and O = 94° 25' 53.4". 

Note 1. The value of C may also be found by the formula 

-'^^=coffE'4|^*^-i(^ + ^) (§158). 
Note 2. The triangle is possible for any values of the given elements. 
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EXAMPLES. 

Solve the following spherical triangles : 

2. Given A = 78°, B = 41°, c = 108°. 

3. Given B = 1W% (7=50°, a = 70° 20'. 

4. Given A = 31° 40', C = 122° 20', b = 40° 40'. 

5. Given ^ = 108° 12', ^ = 145° 46', c = 126° 32'. . 

162. Case II. Given two sides and their included angle. 
1. Given b = 138°, c = 116°, ^ = 70° ; find B, C, and a. 
By Napier's Analogies (§ 158), we have 

sin Y (^ + ^) _ ^^^ i ^ 1 ^^s i (^ + ^) _ ^^^ \ ^ 

sin'l (6"- c) ~ tan ^ (i - C)' ^^ cos | (6 - c) "" tan-^(J5+C)* 

Whence, tan ^ (jB — C) = sin \ (b — o) esc ^ (ft + c) cot ^ ^, 

and tan \{B'\- C) = cos ^ (& — c) sec ^(b -\-c) cot ^ J.. 

From the data, |(6 - c) = 11°, |(6 + c) = 127°, | ^ = 35°. 

log sin ^{b-c) = 9.280599 - 10 log cos ^ (6 - c) = 9.991947 - 10 

log CSC ^ (6 -f c) = 0.097651 log sec | {b + c) = 0.220537 

log cot I ^ = 0.154773 log cot ^ ^ = 0.154773 



log tan ^- (B-C) = 9.533023 - 10 log tan |(J5 + (7) = 0.367257 

I- (J5 - (7) = 18° 50' 24.7". 180° -^(B-^C)= 66° 46' 1.2". 

^(5 +(7) =113° 13' 58.8". 

Then, ^ = |(5 4- C) + ^ (5 - (7) = 132° 4' 23.5", 

and (7= i (B + (7) - 1 (5 - (7) = 94° 23' 34.1". 

To find a, we have by § 156, 
tan ^ «=^|^T7§3§T ^^n i (6-c) = sin ^ (^+(7) esc ^ (B^C) tan-^ (6-c). 

log sin i- (5 + (7) = 9.963272 - 10 
log esc I (B -C) = 0.490892 
log tan 1(6 - c) = 9.288652 - 10 

log tan I a = 9.742816 - 10 

la = 28° 56' 51.6", and a = 57° 53' 43.2". 

Note. The triangle is possible for any values of the given elements. 
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EXAMPLES. 

Solve the following spherical triangles : 

2. Given a = 72% b = 47°, C = 33**. 

3. Given a = 98°, c = 60°, B= 110°. 

4. Given 6 = 70° 40', c = 120°20', ^ = 50°. 

5. Given a = 125° 10', b = 153° 50', C = 140° 20'. 



Case III. Given the three sides. 

The angles may be calculated by the formulae of § 154. 

If all the angles are to be computed, the tangent formulae are the most 
convenient, since only four different logarithms are required. If but one 
angle is required, the cosine formula will be found to involve the least work. 

The triangle is possible for any values of the data, provided that no 
side is greater than the sum of the other two, and that the suip of the 
sides is less than 360° (§ 131, 1 and 3). 

K all the angles are required, and the tangent formulae are used, it 
is convenient to modify them as follows. 

By (100), tanlA = yi'^^^^^ "^ ^^^ ^%r ^) ^^ (*H^ 

^ /sin (s — a) sin (s — b) sin is — c) 

sin is — a)\~ T gi^ - 

Denoting / sin (s - a) sin i s - b) sin (s - c) ^^ ^.^ ^^ ^^^^ 

^ sin« 

z- 
tani^ = 



sin (s — a) 

k k 
In like manner, tan \B= ; , and tan 4 (7 = — 

sin (s — b) sin (s — c) 

1. Given a = 57°, b = 137°, c = 116° ; find A, B, and C. 
Here, 2s = a + 6 + c = 310°. 

AVhence, s = 155°, s-a = 98°, s-b = 18°, s-c = 39°. 

log sin (s-a)= 9.995753 - 10 log k = 9.829330 - 10 

log sin (s-b) = 9.489982 - 10 log sin (s - b) = 9.489982-10 
log sin (s-c) = 9.798872 - 10 log tan | ^ = 0.:«9348 

log CSC s = 0.374052 \B = 6o'' 24' 10.4". 

2 )19.658659-20 ^ B = 130° 48' 20.8." 

log k = 9.829330 - 10 log k = 9.8293^^1 - 10 

log sin (8 - a) = 9.995753 - 10 log sin (s - c) = 9.798872 - 10 



log tan i ^ = 9.8:33577 - 10 log tan ^ (7 = 0.0:30458 

I ^ = :i4° 16' 52.5". i C = 47° 0' 27.0". 

A = 68° 33' 45.0". C = 94° 0' 54.0". 
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EXAMPLES. 

Solve the following spherical triangles : 

2. Given a = 38°, 6 = 42°, = 51°. 

3. Givena = 10r, 6 = 49°, ci=60°. 

4. Given a = 126°, 6 = 152°, c = 75°. 

5. Given a = 62° 20', h = 54° 10', c = 97° 50' ; find A. 

164. Case IV. Given the three angles. 

The sides may be calculated by the formulae of § 155. 

If all the sides are to be computed, the tangent formulae are the most 
convenient, since only four different logarithms are required. If but one 
side is required, the sine formula will be found to involve the least work. 

The triangle is possible for any values of the data, provided that the 
sum of the angles is between 180° and 540° (§ 131, 4), and that each of 
the quantities B-^C-A, C-\-A-B, and A-\-B-C is between 180° 
and - 180° (§ 134). 

For such values of the angles, 8 is between 90° and 270°, and each of 
the quantities S — A, S — By and S — C between 90° and — 90° ; then, 
cos ^S' is — , while the cosines of S — A, JS — B, and S — C are + (§ 20). 

Hence, the expressions under the radical signs in the formulae are 
essentially positive, and no attention need be paid to the algebraic signs. 

If all the sides are required, and the tangent formulae are used, it is 
convenient to modify them as follows : 



T^ / V ^ t / COS S cos^ (S — A) 

By (109), tan I a =\ 7-^ -rr .^ p. — ^— to — rK 

•^ ^ ^' 2 ^ cos (/S — A) cos (S — B) cos (S — C) 



= cos (6' — ^)^/_ 



cosS 



cos (S - A) cos (S-B) cos (S - C) 



Denoting J ^^^^ ~^ by K, 

A/ cos {S - A) cos {S - B) cos {S - C) 

we have tan | a = /f cos {S — A). 

In like manner, tan^ 6 = -ff'cos {S — B), and tan ^ c = ^cos (JS — C). 

1. Given A = 150°, B = 131°, C = 115° ; find a, 6, and c. 

Here, 2S = A^B-\- (7= 396°. 

Whence, >S^ = 198°, 8-A = 4&% S-B = 67% >S'-0=83°. 
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log cos S = 9.978206 - 10 
log sec (S-A) = 0.174489 
log sec ls-B) = 0.408122 
log sec {S - C) = 0.914106 

2 )1.474923 

log ^=0.737462 
log cos (S-A)= 9.825511 - 10 

log tan|a = 0.562973 

^a = 74° 42' 4.8". 
a = 149° 24' 9.6". 



log ^=0.737462 
log cos (S-B) = 9.591878 - 10 

log tan ^ 6 = 0.329340 

|& = 64°53'58.0". 
6 = 129° 47' 56.0". 

log K= 0.737462 
log cos (S-C) = 9.085894 - 10 

log tan ^c = 9.823356 - 10 
|c = 33°39'23.1". 
c = 67° 18' 46.2". 



Note 1. By § 35, cos 198^ = — sin 108° = — cos 18° ; whence, without regard to 
algebraic sign, log cos 198° = log cos 18°. 

2. Given A = 123°, B = 45°, 0=58'"', find a. 

T> /■,rx^\ • 1 I cos S cos (S — A) 

By (103), sin|a = a/ r,- n 

^ sin B sm C 

Here, 2S = A + B+C= 226° ; whence, 5=113°, and S-A = - 10°. 

log cos S = 9.591878 - 10 

log cos (S-A) = 9.993351 - 10 
log esc B = 0.150515 

log CSC C = 0.071580 

2 )19.807324-^^ 

log sin i a = 9.903662 - 10 

ia = 53°13'51.3", and a = 106° 27' 42.6". 

Note 2. By § 29, cos (- 10°) = cos 10°. 



EXAMPLES. 

Solve the following spherical triangles : 

3. Given ^ = 74°, 5 = 82°, (7=67°. 

4. Given ^ = 120°, 5 = 130°, (7=140°. 

5. Given ^ = 138° 16', 5 = 33° 11', = 36° 53'. 

6. Given A = 91° 10', B = 85° 40', (7 = 78° 30' ; find b. 

165. Case V. Given two sides and the angle opposite to one of them. 
1. Given a = 58°, b = 137°, B = 131° ; find A, C, and c. 

Ti„ /oe\ sin A sin a • a - t • t> 

By (85), ~ — - = — — -, or sm ^ = sin a esc b sm B. 

sin B sm b 
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log sin a = 9.928420 - 10 
log CSC b = 0.166217 
log sin B = 9.877780 - 10 

log sin ^ = 9.972417 -10 

A = 69° 47' 41.6", or 110° 12' 18.4" (§ 147). 

To find C and c, we have by §§ 156 and 158, 

cot J (7 = sin i(b -\- a) esc -J- (6 — a) tan ^(B — A)y 

and tan-^c = sin i (5 -f -4) esc ^ (5 — -4) tan |- (6 — a). 

Using the first value of A, we have 

i(B-\-A) = 100° 23' 50.8", and i(B-A)= 30° 36' 9.2". 

Also, 1(6 + a) = 97° 30', and ^(b-a)= 39° 30'. 



log sin ^ (6 + a) = 9.996269 - 10 
log esc I (6 - a) = 0.196489 
log tan i(B-A)= 9.771924 - 10 

log cot i (7 = 9.964682 - 10 
^C= 47° 19' 37.8". 



log sin i(B-\-A)= 9.992810 - 10 

log CSC i(B-A)= 0.293214 

log tan ^(b-a) = 9.916104 - 10 

log tan |c = 0.202128 

^c= 57° 52' 35.0". 
c = 115° 45' 10.0". 



C= 94° 39' 15.6". 

Using the second value of A, we have 

^(JB + ^)=120°36'9.2", and |(5- ^)= 10°23'50.8". 



log sin ^ (6 -h a) = 9.996269 - 10 
log CSC llb-a)= 0.196489 
log tan ilB-A)= 9.263608 - 10 

log cot ^ e = 9.456366 - 10 
^C= 74° 2' 22.1". 



log sin ^(B-^A)= 9.934861 - 10 
log CSC i (B - A) = 0.743583 
log tan 1(6 - a) = 9.916104 - 10 

log tan ^ c = 0.594548 

ic= 75° 43' 43.6". 
c = 151° 27' 27.2". 



0=148° 4' 44.2". 

Thus, the two solutions are : 

1. A= 69° 47' 41.6", 0= 94° 39' 15.6", c = 115° 45' 10.0". 

2. ^=110° 12' 18.4", C = 148° 4' 44.2", c= 151° 27' 27.2". 

As in the corresponding case in the solution of oblique plane triangles 
(compare §§ 117 to 120), there may sometimes be two solutions, sometimes 
only one, and sometimes none, in an example under Case V. 

After the two values of ^'have been obtained, the number of solutions 
may be readily determined by inspection ; for, by § 131, 2, if a is < 6, 
A must he <B', and if a is > 6, A must be > B. 

Hence, only those values of A can be retained which are greater or less 
than B according as a is greater or less than b. 
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Thus, in Ex. 1, a is given < b ; and since both values of A are < B, we 
have two sohitions. 

Again, if the data are such as to make log sin A positive, there will be 
no solution corresponding. 

2. Given a = 58°, c = 116°, C=94°50'; find A 

T .1 • sin A sin a ... . ^ 

In this case, — — — = — — , or sin A = sm a esc c sin (7. 

sin C sin c 

log sin a = 9.928420 - 10 
log CSC c = 0.046340 • 
log sin C = 9.998453 - 10 

log sin ^ = 9.973213 -10 

^ = 70° 4' 57.1", or 109° 55' 2.9". 

Since a is given < c, only values of A which are < C can be retained ; 
then the only solution is ^ = 70° 4' 57.1". 

3. Given b = 126°, c = 70°, jB = 56°; find C. 

In this case, = — — , or sin C = sin c esc b sin B. 

sm B sin b 

log sin c = 9.972986 - 10 
log CSC b = 0.092042 
log sin B = 9.918574 ~ 10 

log sin C = 9.983602 - 10 

C = 74° 21' 13.8", or 105° 38' 46.2". 

Since both values of C are > B, while c is given < 6, there is no solu- 
tion. 

EXAMPLES. 

Solve the following spherical triangles : 

4. Given &= 99° 40', c= 64° 20', B= 95° 40'. 

5. Given a = 40°, 6 = 118° 20', A= 29° 40'. 

6. Given a = 115° 20', c=146°20', 0=141° 10'. 

7. Given a = 109° 20', c= 82° 1'8", ^ = 107° 40'. 

8. Given 6 = 108° 30', c= 40° 50', C= 39° 50'. 

9. Given a = 162° 20', 6= 15° 40', 5=125°. 
10. Given a = 55°, c = 138°10', A= 42° 30'. 



\ 
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166. Case VI. Given two angles and the side opposite to one of them. 
1. Given A = 110°, B = 122°, h = 129° ; find a, c, and 0. 

sin a sin A 



By (85), 



sin h sin jB 



, or sin a = sin A esc ^ sin 6. 



log sin ^ = 9.972986 -10 
log esc jB = 0.071580 
log sin h = 9.890503 - 10 

log sin a = 9.935069 - 10 

a = 59° 26' 37.6"; or 120° 33' 22.4" (§ 147). 

To find c and C, we have by § § 156 and 158, 

tan I c = sin ^(B + A) esc ^(B-A) tan ^ (6 - a), 

and cot ^ (7 = sin ^ (& + a) esc i(b-a) tan ^ (5 - ^). 

Using the first value of a, we have 

1(5 + a) = 94° 13' 18.8", and ^ (6 - a) = 34° 46' 41.2". 
Also, i(B + A)= 116°, and ^ (5 - ^) = 6°. 



log sin ^ (^ -f- ^) = 9.953660 - 10 
log CSC ^Ib-A)= 0.980765 
log tan i (b-a)= 9.841642 - 10 

log tan ^ c = 0.776067 

^c= 80° 29' 34.8". 
c = 160°59' 9.6". 



log sin i{b + a)= 9.998820 - 10 
log CSC !.(&-»)= 0.243821 
log tan ^{B-A)= 9.021620 - 10 

log cot ^ C = 9.264261 - 10 

^C= 79° 35' 14.1". 

0=159° 10' 28.2". 



Using the second value of a, we have 

1(6 + a) = 124° 46' 41.2", and |(6 - a)= 4° 13' 18.8". 



log sin I- {B + A)= 9.953660 - 10 

log CSC i (B -A)= 0.980765 

log tan -J- (6 - a) = 8.868171 - 10 

log tan -i-c = 9.802596 - 10 
^c = 32° 24' 17.8". 

c = 64° 48' 35.6". 



log sin ^ (6 + a) = 9.914537 - 10 
log CSC 1 (6 - a) = 1.133009 
log tan^ (B - ^)= 9.021620 -10 

log cot ^ C = 0.069166 

1(7 = 40° 27 '24.1". 

(7=80° 54' 48.2". 



Thus the two solutions are : 

1. a= 59° 26' 37.6", c = 160°59' 9.6", (7 = 159° 10' 28.2". 

2. a = 120° 33' 22.4", c= 64° 48' 35.6", (7= 80° 54' 48.2". 

In examples in Case VI., as well as in Case V., there may sometimes 
be two solutions, sometimes only one, and sometimes none. 
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As in Case V., ordy those values of a can be retained which are greater or 
less than b a/ycording as A is greater or less than B. 

Also, if log sin a is positive, the triangle is impossible. 

EXAMPLES. 
Solve the following spherical triangles : 

2. Given ^ = 116^ C= 80°, c= 84°. 

3. Given ^ = 132°, jB=140°, 6 = 127°. 

4. Given ^= Q2% 0=101° 58' 24'', a= 64° 30'. 

5. Given ^ = 133° 50', B= 66° 30', a= 81° 10'. 

6. Given jB= 22° 20', (7 =146° 40', c = 138°20'. 

7. Given ^= 61° 40', C = 140°20', c = 150°20'. 

8. Given ^= 73°, C= 81° 20', 6 = 122° 40'. 

APPLICATIONS. 

167. In problems concerning navigation, the earth may be regarded as 
a sphere. 

The shortest distance between any two points on the surface is the arc 

of a great circle which joins them ; and the angles between this arc and 

the meridians of the points determine the bearings of the points from each 

other. 

P 




Thus, if Q and Q' are the points, and PQ and PQ' their meridians, the 
angle PQQ' determines tlie bearing of Q' from Q, and the angle PQ'Q 
determines the bearing of Q from Q'. 

If the latitudes and longitudes of Q and Q' are known, the arc QQ' 
and the angles PQQ' and PQ'Q may be determined by the solution of a 
spherical triangle. 

For if EE' is the equator, and PG the meridian of Greenwich, we have 

Z QPQ' =Z Q'PG -A QPG = longitude Q' - longitude Q. 



112 SPHERICAL TRIGONOMETRY. 

Also, PQ =PE -QE = 90° - latitude Q, 

and PQ' = PE' + Q'E' = 90° + latitude Q'. 

Thus, in tlie spherical triangle PQQ', two sides and their included 
angle are known, and the remaining elements may be computed. 

When QQ' has been found in degrees, its length in miles may be 
calculated by finding the ratio of its arc to 360°, and multiplying the 
result by the length of the circumference of a great circle ; in the following 
problems, the radius of the earth is taken as 3956 miles. 

EXAMPLES. 

1. Boston lies in lat. 42° 21' N., Ion. 71° 4' W. ; and the latitude of 
Greenwich is 51° 29' N. Find the shortest distance in miles between the 
places, and the bearing of each place from the other. 

2. Calcutta lies in lat. 22°33'N., Ion. 88° 19' E. ; and Valparaiso in 
lat. 33° 2' S., Ion. 71° 42' W. Find the shortest distance in miles between 
the places, and the bearing of each place from the other. 

3. Sandy Hook lies in lat. 40° 28' N., Ion. y4°l' W. ; and Queenstown 
in lat. 51° 50' N., Ion. 8° 19' W. In what latitude does a great circle 
course from Sandy Hook to Queenstown cross the meridian of 50° W. ? 

168. The Astronomical Triangle. 

z 



Let O be the position of an observer on the surface of the earth ; P the 
celestial north-pole ; Z the zenith. 

The great circle EE\ having P for its pole, is called the celesticd equor 
tor; and the great circle HH', having Z for its pole, is called the horizon. 

Let S be the position of a star ; PSM a meridian passing through S ; 
ZSN a quadrant of a great circle passing through Z and S, 

The arc SM is called the declination of the star ; and is called declina- 
tion north or south, according as the star is north or south of the celestial 
equator. 

The angle SPZ is called the hour-angle of the star ; the arc SN is 
called its altitude; the angle PZS, its bearing or azimuth. 
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The arc EZ is the latitude of the observer. 

The spherical triangle SPZ is called the Astronomical Triangle; its 
sides have the following values : 

SF= PM- SM= 90° - the declination of the star ; 

SZ= ZN-SN= 90° - the altitude of the star; 

PZ=EP-EZ=^ 90° - the latitude of the observer. 

Its angle SPZ is the hour-angle of the star, and its angle SZP the 
azimuth. 

If any three of these five elements are known, the solution of a spheri- 
cal triangle serves to determine the other two. 

169. To Determine the Hour of the Day. 

If the altitude and declination of the sun are known, and the latitude 
of the observer, the three sides of the triangle SPZ are known, and the 
hour-angle SPZ may be computed. 

If 24 hours be multiplied by the ratio of this angle to 360°, we obtain 
the time required for the sun to move from S to the meridian EP. 

If this time be subtracted from 12 o'clock, if the observation is made 
in the morning, or added, if made in the afternoon, we obtain the hour of 
the day at the time and place of observation. 

If the Greenwich time of the observation be noted on a chronometer, 
the difference between this and the local time as calculated above serves 
to determine the longitude of the place of observation. 

In reducing time to longitude, it should be remembered that 24 hours 
of time correspond to 360° of longitude ; that is, one hour of time corre- 
sponds to 15° of longitude, one minute to 15', and one second to 15". 

EXAMPLES. 

170. 1. A mariner observes the altitude of the sun to be 14° 18', its 
declination being 18° 36' N. If the latitude of the vessel is 50° 13' N., 
and the observation is made in the morning, find the hour of the day. 
If the observation is taken at 9 a.m., Greenwich time, what is the longi- 
tude of the vessel ? 

2. What will be the altitude of the sun at 4 p.m. in San Francisco, 
lat. 37°48'N., its declination being 12° S. ? 

3. What will be the bearing of the sun at 9.30 a.m. in Melbourne, lat. 
37° 49' S., if its declination is 6° S. ? 

4. At what hour will the sun rise in Boston, lat. 42° 21 ' N., if its 
declination is 15° N. ? 

Note. At sunrise the sun's altitude is 0, so that the arc 8Z becomes 90°. 
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FORMULS:. 

PLANE TRIGONOMETRY. 

§29. sm(— ^)=— sinA tan (—^4)=— tan A sec(— ^)= secA. 
cos(—A)= cosA. cot (—^)=— cot A esc (—-4)=— esc A 

§ 30. sin (90° -{- A) = cos A. cot (90° 4- ^) = - tan ^. " 

cos (90° 4- ^) = - sin A. sec (90° -f ^) = - esc A. 

tan (90° + ^) == - cot A. esc (90° -^ A) = sec A, 



§ 36. sin X = 



tana; = 



cosa; = 



csccc 

1 

sec a; 



cot x = 



§37. 

§38. 

§39. 
§40. 
§41 

§43. 



tan x = 



cot X = 



cot a? 
1 

 • 

tanx 
sin X 



seca; = 



csca; = 



cos X 

1 

sino; 



cos a? 
cos a; 



§44. 



sin X 
sin^ X -f- cos* x=l, 
sec* a? = 1 + tan* a;. (7) esc* a? = 1 + cot* a?. 

sin (x-\- y) = sin x cos y -|- cos x sin y. 
cos (x -\-y) = cos aj cos y — sin a; sin y. 
sin (x — y) = sin a; cos y — cos a; sin y. 
cos (x — y) = cos a; cos y + sin x sin y. 

, / , V tanar+tany ^_^. « 4. / , \ cota;cotv— 1 

tan(a;4-y) = -  ^—' (13) cot(a;+v)= ^ 

1— tan a; tan y coty-j-cota; 



, / V tana:— tan v /_.v 
tan (x—y) = ^. (14) 

^ ^^ l+tanartan2/ ^ ^ 



^^4- / \ cotxcotv+1 
cot (x—y)= ^— — 

cot?/— cot a; 



§45. 



§46. 
§47. 



sin a; + sin y = 2 sin ^ (a; + y) cos ^(x — y), 
sin X — sin y = 2 cos i(x-\-y) sin ^ (a; — t/). 
cos X -f cos y = 2 cos ^ (a; -f ?/) cos ^^ (a; — y). 
cos X — cos 2/ = — 2 sin ^ (x + 2/) sin ^ (x — y). 

sin X 4- sin y _ tan |(a; 4- 2/) 
sin a; — sin y ~~ tan J (x — y) 

sin (x + 2/) sin (x — y)= sin* x — sin*?/, 
sin (x 4- y) sin (x — y)= cos* 2/ — cos* x. 
cos (x 4- y) cos (x — y)= cos* x — sin* y = cos* y — sin* x. 



(1) 



(2) 



(3) 



(♦) 

(5) 

(6) 

(8) 

(9) 
(10) 

(U) 
(12) 

(15) 

(16) 

(17) 
(18) 
(19) 
(20) 

(21) 

(22) 
(23) 
(24) 
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§48. sin 2 a; = 2 sin a; cos a. (25) cos 2 a; = 2 cos^ a; — 1. (28) 

cos 2 a; = cos* x — sin* x, (26) tan 2 aj = — (29) 

^ ^ 1 — tan** 

cos 2a; = 1 - 2 sin^aj. (27) cot 2aj =5^— •  (30) 

^ 2 cot X . » 

§49. 2sin2ia; = l-cosa;. (31) tan 4 a; = i^^-^^^. (33) 

^ ^ ^ "^ sinx 

2cosHa; = l4-cosa;. (32) cot 4 a; = i±^5^. (34) 
^ ^ ^ ^ sin a; 

§50. ^ sin3a; = 3sinaj — 4sin^a;. (35) cos 3 a; = 4 cos* a; — 3 cos a;. (36) 

. o 3 tan X — tan' x /^_n 

tan3.= ^_3^^^,^  (37) 

§105. 4A"=c2sin2A (38) 2^=aHanjB. (42) 

4/r=c2sin2 5. (39) 2/r=6HanA (43) 

2ir=a2cotA (40) 2/r=aV(c + a)(c-a). (44) 

2K=h^ cot B. (41) 2K=h V(c 4- ^>) (c - 6). (45) 

2K=^ah. (46) 

§ 107. a : 6 = sin ^ : sin ^. (47) 

6 : c = sin ^ : sin C. (48) 

c : a = sin C : sin ^. (49) 

§108. a + 6^ tanU^+^ 

a — 6 tan |( J. — -B) 



(51) 



(52) 



& + c _ tan-^(Jg+C) 
fe^=^'"tan^(^-C) 

c + a tan^(C + ^) 
c — a tan ^{C — A) 

§ 109. a* = 6* + c* - 2 6c cos A. (53) 

62 = c* + a^ - 2 ca cos B. ^ (54) 

c* = a* 4- 6^ - 2 a6cos a (55) 

§110. cos^ = ^^+/-< (56) cos^ = ^+/^^' ' (^'^) 

2 6c 2 ca 

cos C = ^' +/' - < (58) 

2ao 

§111. 8ini^=V^^T^^' (5^) 

sini5=V5H^3.  (60) 
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cosiB=>P^- (63) 



^C=#^. (64) 



COS o ^^ — ^. , 



. tani^= >-;>^^-^> . . (65) 

'- 2 \ 5 (^S _ ^) 

5112. 2ir-fc»mA (60) 2g^ °'»inJ'i»C . („) 

^ ^ ^ sm^ 

2 ^ = ca sin ^. (69) J A = ^ — • (,7z; 

^ ^ sm ^ 

o T^ J, ' n /«r>\ o 1^ c^ sin J. s in^ /_^x 

2 if = aft sin C. (70) 2A= -. — — (v3) 

^ ^ sin (7 

iT = V«(s-a)(s-6)(s-c). (74) 

SPHERICAL TRIGONOMETRY. 

§ 135. cos c = cos a cos b. (75) 

8in^=?HL^. (76) 8in5=5|El. (78) 

smc sine 

cos^ = *^. (77) cos 5 = ^. (79) 

tanc tanc 

§ 137. ta« ^ = *^. (80) tan B = ^^- (81) 

§ 138. sin ^ = 22i|. (82) sin ^ = ^- (83) 

^ COS ft COS a 

§ 139. COS c = cot J. cot B. (8*) 

§161. ^ = '4^- («*) 

(86) 

(W) 
sin C sin c 



sin-B 


sin ft 


sinB 


sin ft 
« 


sin C 


sine 


sin^ 


sin a 
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§ 152. cos a = cos b cos c -f sin 6 sin c cos A. (88) 

cos b = cos c cos a -\- sin c sin a cos -B. (89) 

cos c = cos a cos & -+- sin a sin 6 cos (7. (90) 

§ 153. cos A = — cos B cos -f- sin ^ sin C cos a. (91) 

cos B = — cos (7 cos -4 + sin (7 sin A cos 6. (92) 

cos C = — cos .4 cos -B 4- sin ^ sin B cos c. (93) 



U64. 8in^^ = ASiH|ii^(iE^ 

-* ^ Sin h sin n 



^ yl sin ^ ain flf. 



, . /sin s sin (s — a) 
cos 4 ^ = -v . ^ \ ^ 

"^ 11 sin h sin /! 



sm c sm a 



Vsin (s — c) sin (s — a) 
sin s sin {s — 6) 



sin s sin {s — c) 



sin ^6 



(94) 



(95) 



^.^ Jsin(^^-oOsin^:-6)^ • 

-* ^ Sin a sin 6 ^ ^ 



(97) 



1 -o /sin 8 sin (s — ft) .^^. 

cos i JB = V ^. V ^- (98) 

^ If sm /^ sm n. ^ -^ 



1 i-r /sin s sin (s — c) .^^. 

COS i (7 = V ^ -'—1-^' (99) 

-^ ^ sin a sm /> ^ "^ 



tani^ = J?5*H5p^53. (100) 

'^ ^ Sin s sin (s — a) ^ 



, _, sin (« — CI sill i« — Or I /,-v,\ 

tan -J- J5 = \/ ^^: / , ^ , . ^ ' (1(0.) 



^ II sm .s sin (.<i — ii) ^ 



„ .^„ . , / COS ;S' COS (^ — A) /•inf>\ 

§165. sin4a = \/ u - n ' (^^) 

•^ ^ sm Ai am (; 



^ / cos ^ COS (S - a) ^j^Q^^ 

\ sin r? sin >1 



2 ^ sm^sinjB ^ ^ 



^ i( sm Ji sin f; ^ 
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/cos(^-C7)cosprg^ 

2 \ sm- f; ain >1 ^ ^ 



fcos(^-^)cos(g3g. (108) 



/ COS S COS (/S — A) . ^. 

^ ^ COS (aS — B) COS (S — C) ^ 

. - , / COS /S COS (S — B) . , . 

tB,nlb=\ — -^ — ,^ ^  » (HO) 

^ ^ COS (aS — C) COS (/S — ^) ^ ^ 

, ^ cos /S cos (/S' — C) , 

§ 156. '-^44^^ = r- w ^-%rv (^) 

sm ^ (^ — 5) tan ^ (a — 6) ^ 

co8i(^ + ^) ^ tanjc 

cos^(^ — ^) taii^(a + 6) ^ ^ 

158. '^P^, = , r*|^»v (114) 

sin -^ (a — 6) tan ^ (^ — 5) ^ ^ 

cos i(a-\-b) _ GotjC . 

cos I (a -b) tan^(^-f5)' ^ ^ 



ANSWERS. 



§ 56; page 30. 

12. 85° 56' 37.32". 14. 95° 29' 34.8". 16. 130° 55' 5.952". 

13. 14° 19' 26.22". 15. 20° 27' 2.52". 

§ 63 ; page 39. 

3. mr, 2 mr ± — • 7. nv ± — 

3 3 

4. (2n + l)| n,r+(-l)"^. 8. n7r±|. 

5. (2n + l)|, n,r±j. 9. wtt, ± tan" YiV7\ 

6. n7r,n7r±^. 10. sin-^ "^"^ . 

§ 76; page 44. 

2. 1.5441. 6. 2.1003. 10. 2.5104. 14. 3.4192. 

3. 1.6990. 7. 2.2922. 11. 2.5774. 15. 3.7814. 

4. 1.6232. 8. 2.3892. 12. 2.9421. 16. 4.0794. 

5. 1.8751. 9. 2.3222. 13. 2.8363. 17. 4.2006. 

§ 78 ; page 44. 

2. 0.5229. 5. 1.1549. 8. 0.2831. 11. 1.4592. 

3. 0.2431. 6. 0.2589. 9. 0.7939. 12. 1.3468. 

4. 1.6532. 7. 2.3522. 10. 2.1303. 13. 2.0424. 

§ 81 ; page 45. 

3. 3.3397. 8. 0.5663. 13. 0.6171. 19. 0.8752. 

4. 1.7475. 9. 0.0430. 14. 0.2918. 20. 0.0794. 

5. 0.6338. 10. 0.1165. 16. 0.0495. 21. 0.4248. 

6. 8.6826. 11. 0.0939. 17. 0.0365. 22. 0.1051. 

7. 1.0460. 12. 0.5440. 18. 0.7007. 23. 0.0406. 
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§ 85 ; page 47. 






2. 


0.5662. 6. 


8.9912 


-10. 8. 8.5932- 


-10. 


11. 2.3064. 


3. 


1.0491. 6. 


7.5353 


10. 9. 6.6074- 


-10. 


12. 0.1151. 


4. 


9.9242 - 10. 7. 


3.4592, 


10. 9.2885- 


-10. 


13. 0.7782 






§ 86 ; page 47. 






4. 


0.011739. 


10. 


4.942550 - 10. 


18. 


186.334. 


5. 


2.527511. 


11. 


5.863566. 


19. 


.00223905. 


6. 


6.780210 - 10. 


12. 


5.64040a-10. 


20. 


.0000100006 


7. 


4.812917. 


15. 


6.61005. 


21. 


9776.67. 


8. 


3.960116. 


16. 


55606.5. 


22. 


467929. 


9. 


7.013152 - 10. 


17. 
24. 


.0110890. 
.00000130514. 


23. 


.000342770. 


. 




§ 91 


; pages 50, 51. 






1. 


1897.85. 


17. 


244.004. 


35. 


.695490. 


2. 


-193315. 


18. 


.00279116. 


36. 


.542699. 


3. 


.309170. 


19. 


.000000237177. 


37. 


- 36.0189. 


4. 


.00110375. 


20. 


2.23607. 


38. 


- 11.1122. 


5. 


6.36103. 


21. 


1.14870. 


39. 


.943241. 


6. 


.0301742. 


22. 


- 1.22028. 


40. 


2.62762. 


7. 


31.2004. 


23. 


1.77828. 


41. 


2.53217. 


8. 


- .132693. 


24. 


.668289. 


42. 


- 1.79616. 


9. 


.126965. 


25. 


.645831. 


43. 


1.03242. 


10. 


.0235770. 


26. 


.137751. 


44. 


.298557. 


. 11 


1.16493. 


27. 


.370134. 


45. 


.0448607,^.^ 


12. 


- .00256105. 


30. 


13.8289. 


46. 


.794509. 


13. 


3692.77. 


31. 


2.48722. 


47. 


1.80492. 


14. 


.277996. 


32. 


1.05557. 


48. 


179.596. 


/"lb. 


- 15896.0. 


33. 


.0000214279. 


49. 


1.88270. 


16. 


.0316228. 


34. 


.00710469. 


50. 


.000193152. 




61. -.0995935. 


52. 1.34384. 






§! 


^2; page 52. 






3. 


a; = .2831 + . 
a! = -2.173+. 




8. « = - 
4 


3 


log a 


4. 


logw 


— 2 log m 


6. 
6. 


a; =1.155+. 
a; = -.1765+. 




2 






7. 


 51ogc 


h 


10. a; = l 


or — 


5. 


log a — 2 log 





answp:rs. 
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§ 93 ; page 52. 

8. _- .06546+. 4. - 6.059 +. 5. 3.326+. 

I- "• -I- 

3 3 



2. 3.7004 +. 

6. -.4601+. 7. .3494+. 9. 4. 



10. 



1B.|. 



1. 9.345950-10. 

2. 0.376890. 

3. 9.932630-10. 

4. 9.865995-10. 

5. 9.243533-10. 

6. 9.163433-10. 



1. .68573. 

2. .25232. 

3. .06344. 



1. 8.338076-10. 

2. 8.810945-10. 



§ 94 ; page 53. 

7. 0.302190. 

8. 0.153906. 

9. 0.002256. 

10. 59° 15' 26.4". 

11. 33° 0' 16.1". 

12. 81° 7' 37.9". 

§ 95 ; page 53. 

4. .69518. 

5. .92163. 

6. .86962. 

10. 29° 9' 13.8". 

§ 96 ; page 53. 

3. 1.369926. 

4. 0° 58' 51.06". 

§ 102 ; pages 56 to 58. 



13. 27° 31 '50.5". 

14. 8° 41' 32.7". 

15. 75° 45' 9.8". 

16. 49° 38' 57.1". 

17. 23° 26' 30.9". 



7. 61° 36' 42.9". 

8. 15° 28' 22.5". 

9. 66° 14' 34.3". 



6. 0° 24' 53.79". 
6. 1° 37' 41.93". 





1. a 




2. b 


• 


3. a 


1 


i.A 




5. A 




6. b 




7. a 




S.A 




9. a 




10.^ 


t 


11. b 




12. a 




13. A 



: 1.8117, b = 6.7615. 14. a 

11.7793, c = 12.7965. 15. a 

16.7820, c = 26.1081. 16. a 

34° 22' 7.1 ", b = .511764. 17. ^ 

33° 8' 56.3", c = 499.252. 18. b 

10.3547, c = 13.1404. 19. A 

.0036235, 6 = .013523. 20. b 

39° 49' 24.6", a = 48.8645. 21. a 

148.407, c = 948.680. 22. b 

49° 53' 54.9", c = 4.46330. 23. A 

.000336374, c=. 00336715. 24. a 

3821.55, b = 3641.34. 25. a 

35° 53' 55.2", 6 = 731.237. 26. a 



= 176.533, c= 191.993. 
= 20455.6, c = 21405.6. 
= 2.40989, 6 = .812578. 
= 19°31'57.2", c=.000505172. 
= 77.6330, c = 91.2952. 
= 32° 10' 16.5", a = 388.471. 
= 644.109, c = 650.272. 
= 34308.0, 6 = 23381.6. 
= 4.48174, c = 8.5085. 
= 39° 21' 54.1", 6 = 121.240. 
= .00247181, c = .00360016. 
= 16001.6, c = 85725.1. 
= 3624500, 6 = 8821960. 
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27. A = 76^ 33' 49.0", a = 24234.4. 

28. a = 207302, b = 421170. 



29. a = .507624, c = .525355. 

30. A = 60° 14' 12.9", c = 774.563. 



31. c = 252.103. 

32. a = 1.73561. 

33. c = 122748. 

34. ^ = 47° 42' 47.8". 



36. a = 4925.31. 

37. 20.573. 

38. 83.271ft. 

39. 31° 47' 24.5". 

40. 36° 37' 58.0". 



41. 99.4565 mi. 

42. 10.2352. 

43. 19° 49' 46.7". 

44. 365.64 ft. 

45. 56° 18' 36.7". 



35. a = .344647. 

46. 25.2230 mi., 30.0750 mi. 48. 14.4853, 15.6787. 

47. 21.6514. 49. 517.51ft. 

50. 17.2624. 61. 420^67 ft. 52. 437.605. 

53. 10.392. 54. 482.1ft. 

65. Rate, 6.79668 miles an hour; bearing, N. 63° 8' 28.5" W. 









§ 104; 


page 60. 




2. 


^-89° 59' 42.8". 




5. B-. 


= 89° 59' 59.0". 


3. 


B = 89° 23' 22.6". 




6. /! = 


= 89° 43' 13.6". 


4. 


^ = 89° 59' 37.2". 














§ 106; 


page 61. 




2. 


6.9066. 




6. .089433. 


8. 2.18876. 


3. 


.151079. 




6. 8130.9. 




9. 107.762: 


4. 


5699.7. 




7. .0067825. 


10. .0487840. 








§ 114; 


page 67. 




2. 


b = 283.331, 


c — 


267.677. 


7. a = 


: 5058.5, 6 = 3683.53. 


3. 


a = .340132, 


c — 


.986084. 


8. a = 


.299674, 6 = .731538. 


4. 


a = 29.0595, 


b = 


18.3742. 


9. a- 


: 4.01036, c- 3.55195. 


5. 


a = .0313440, 


c — 


.0498733. 


10. b- 


: 56719.9, c- 23073.5. 


6. 


b = 5.76721, 


c — 


2.16917. 







2. ^=118° 17' 57.4", b: 

3. A= 60°44'39.5";'^c: 

4. 0= 63° 49' 9.3", a. 

5. B= 28° 43' 49.0", c-. 

6. ^=145° 35' 24.7", a 



§ 115 ; pages 68, 69. 

:44.7274. 7. (7=63° 48' 28.1", b. 

965.282. 8. ^=67° 55' 16.9", c-. 

:4.48237. 9. 0=46° 13' 20.9", a 

: 1.44246. 10. C=134°36'27.4", 6: 
: 1045.74. 



: 13.7387. 
85.3596. 
:. 0759588. 
27335.0. 
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§ 116; page 70. 

3. ^ = 28° 57' 18.0", jB= 46° 34' 2.8", (7= 104° 28 '39.0". 

4. ^ = 44° 24' 54.8", B= 78° 27' 47.0", C= 57° 7' 17.6". 

5. A = 7r47'24.A", B= 58° 45' 5.4", C= 49° 27' 30.0". 

6. ^ = 74° 40' 16.4", B= 47° 46' 39.0", C= 57° 33' 4.8". 

7. ^ = 59° 19' 11.8", B= 68° 34' 7.6", C= 52° 6' 40.6". 

8. .4 = 45° 11' 46.6", 5 = 101° 22' 17.8", C= 33° 25' 56.4". 

9. ^ = 71° 33' 49.2". 10. 5= 30° 47' 22.8". 11. O = 25° 56' 54.2". 

§ 121 ; pages 73, 74. 

1. B= 32° 36' 9.4", c = 6.62085. 

2. A = 31° 57' 47.8", a, = 120.313 ; 
B, = 148° 2' 12.2", a, = 11.3800. 

3. C= 23° 33' 18.2", a = .183882. 

4. ^ = 34° 29' 48.2", & = 7.12905. 

5. Impossible. 

6. Impossible. 

7. B = 48° 34' 38.4", a = 76.0172. 

8. (7=90°, 6 = 5.51109. 

9. d = 46° 18' 35.5", a, = 6.94575 ; 
02 = 133° 41' 24.5", a.2 = .699906. 

10. A= 25° 32' 50.9", c = 278.193. 

11. Impossible. 

12. 0=14° 4' 7.7", 6 = 1.43516. 

13. ^ = 90°, c= 137.872. 

14. A,= 70° 12' 46.7", 6i = . 287904; 
A, = 109° 47' 13.3", 62 = .104539. 

16. B= 45° 38' 30.2", a = 16214.3. 

§ 122 ; pages 74, 75. 

2. 197.656. 5. 165917. 8. .078614. 11. 4000.81. 

3. 14.9812. 6. 2878.31. 9. 860.006. 12. .000329015. 

4. 16.6843. 7. 1.30108. 10. .0448746. 13. 25.6249. 

§ 123; pages 75, 76. 

1. Height, 153.629 ft. ; distances, 117.246 ft., 217.246 ft. 

2. ^Z> = 44.9525. 4. 47° 52' 2.1". 6. 56.6547,49.3482. 

3. 29799.9 sq. rd. 5. 247.741 ft. 7. 32.5255 mi. 
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8. Twoangles, 74°12'20.0", 58°23'48.0"; third side, .430133. 

9. N. 47° 32' 33.1" W. 10. 9.8995 mi., 19.1244 mi. 

11. Oneangle, 101° 13' 45.8"; diagonal, 136.187. 12. 297.954 ft. 

13. Sides, 26.5604, 90.5154 ; one angle, 119° 5' 14.6". 

14. 91.6364 ft., 33.8973 ft. 15. 17.64934,8.77461, 
16. 1113.34 ft. 17. Diagonal, 52.9024 ; side, 41.9506. 
18. 247.998 ft. 19. ^Z) = 88.1534, ^ = 56°1'10.7". 

20. 1569.948 sq. rd. 



§ 126 ; page 79. 

2. 2.11491, -1.86081, -.254102. 4. .47761, - 
8. 2.14510, .523978, - 2.66907. 5. 3.49086, 



- 6.1364, - .34120. 

- .83425, .343379. 



§ 148; page 93. 



5. A = 

6. a = 

7. B = 
or, B = 

S. A = 

9. A = 

10. a = 

11. A = 

or, A = 

12. A = 

13. A = 

14. A = 

15. A = 

16. a = 

17. A = 

18. a = 

19. a = 

20. a = 

21. A = 

or, A = 

22. a = 

23. A = 



36° 58 

27° 49 

68° 37 
111° 22 

68° 10 

15° 34 

170° 13 

21° 11 

158° 48 

82° 8 

122° 34 

153° 10 

165° 50 

112° 16 

55° 58 

54° 

41° 29 

152° 35 

20° 3 
159° 56 

110° 57 

111° 53 



50.0", 
17.9", 
18.1 



It 



41.9", 

4.4", 

32.3", 

25.6", 

12.7", 
47.3", 

19.3", 

33.5", 

2.8", 
26.0", 
49.7", 

5.5", 

24.8", 

25.7", 

19.0", 

21.5", 
38.5", 

15.6", 

21.2", 



B= 63° 42 

b= 42° 29 

b= 44° 56 
6 = 135° 3 

b = 163° 42 

B= 94° 14 

B= 78° 34 

a= 19° 50 
a = 160° 9 

a= 73° 38 

a = 132° 24 

B = 115° 25 
b = 139° 10 
b = 145° 51 

B= 34° 41 

B= 84° 43 
b = 133° 39 

5 = 108° 7 

a= 14° 58 
a = 165° 1 

B = 165° 10 

B = 115° 40 



' 34.0", 

'21.8", 

'46.7", 
' 13.3", 

'32.1", 

'40.0", 

'3.4", 

'30.4", 
'29.6", 

'54.4", 

'39.6", 

' 2.8", 

'11.5", 

'35.5", 

' 20.4", 

' 10.5", 

'29 8", 

' S.6^', 

'21.1", 
' 38.9", 

'31.9", 

' 6.8", 



6= 42° 34' 54.4". 

c= 49° 17' 42.4". 

c= 49° 20' 41.8"; 
c = 130° 39' 18.2". 

c = 141° 50' 15.2". 

c= 105° 26' 27.5". 

b= 40° 1' 8.6". 

c= 69° 54' 41.6"; 
c = 110° 5' 18.4". 

b= 28° 4' 23.5". 

B= 52° 5S^ 9.5". 

c= 20° 2' 40.3". 

c= 41° 42' 23.4". 

c= 71° 42' 41.1". 

c= 12° 39' 44.7". 

c= 86° 10' 32.3". 

c = 121° 8' 21.5". 

6 = 125° 24' 13.7", 

c = 131° 7' 4.9"; 
c= 48° 52' 55.1". 

c= 69° 41' 7.1". 

6 = 117° 49' 41.2". 



ANSWERS. 125 

24. ^ = 165° 3' 57.9", a = 168° 8' 48.3", 6= 51° 53' 53.3". 

25. B= 22° 13' 3.9", 6= 20° 34' 38.3", c = 111° 38' 31.1"; 
or, 5 = 157° 46' 56.1", & = 159° 25' 21.7", c= 68° 21' 28.9". 

26. A= 64° 30' 52.0", a= 38° 32' 30.5", J5 = 146° 37' 27.3". 

§ 149 ; page 94. 

2. a = 103° 25' 57.4", 5 = 157° 31' 44.4", C= 119° 19' 11.3". 

3. a= 57° 43' 57.2", 6 = 129° 56' 31.7", (7= 58° 4' 55.6". 

4. ^= 19° 56' 45.0", 5 = 141° 38' 20.3", 6 = 113° 18' 58.3". 

5. ^= 44° 41' 15.9", a= 51° 37' 1.9", 6= 60° 51' 3.4". 

6. 2?= 80° 27' 25.7", 6= 80° 46' 54.3", (7= 87° 31' 12.5"; 
or, B= 99° 32' 34.3", 6= 99° 13' 5.7", (7= 92° 28' 47.5". 

7. ^= 67° 11' 45.0", B= 80° 58' 16.5", C= 93° 29' 13.4". 

§ 150 ; page 95. 

2. a= 69° 55' 43.2", (7= 159° 59' 40.6". 

3. ^ = 120° 41' 19.6", c= 30° 14' 37.4". 

4. ^ = 140° 35' 4.5", 0=145° 11' 50.4". 

5. 0=148° 19' 24.8", c= 80° 47' 39.8". 

§ 161 ; page 104. 

2. a= 95° 37' 51.0", b= 41° 52' 22.2", C= 110° 48' 24.0". 

3. 6= 98° 30' 32.4", c= 56° 42' 47.0", A= 59° 38' 53.2". 

4. c= 64° 19' 27.8", a= 34° 3' 11.8", B= 37° 39' 27.2". 
6. 6 = 146° 25' 1.4", a= 69° 4' 38.2", (7 = 125° 11' 41.8". 

§ 162 ; page 105. 

2. ^ = 121° 32' 41.3", B= 40° 56' 48.5", c= 37° 25' 48.8". 

3. ^= 86° 59' 48.8", (7= 60° 50' 54.8", . 6 = 111° 16' 42.4". 

4. (7= 134° 57' 31.3", 2?= 50° 40' 48.3", a= 69° 7' 34.6". 

5. 5=163° 8' 48.4", ^ = 147° 29' 24.2", c= 76° 8' 49.0". 

§ 163 ; page 106. 

2. A= 51° 58' 28.0", B= 58° 53' 13.2", C= 83? 54' 31.6". 

3. ^ = 142° 32' 37.8", B= 27° 52' 36.0", C= 32° 26' 52.8". 

4. ^ = 142° 23' 44.0", 5 = 159° 15' 41.6", 0=133° 14' 4.2". 
b. A= 47° 21' 11.8". 



126 ANSWERS. 

§ 164 ; page 107. 

3. a= 68° 46' 28.4", b= 73° 47' 57.8", c= 63° 12' 24.6". 

4. a= 90° 53' 2.6", 6 = 117° 48' 59.6", c = 132° 5' 10.0". 

5. a = 103° 31' 33.8", 6 = 53° 4' 26.2", c= 61° 14' 18.2". 

6. 6= 85° 48' 53.8". 

§ 165 ; page 109. 

4. (7= 65° 29' 1.0", A= 97° 18' 33.8", a = 100° 42' 23.4". 

5. B= 42° 40' 9.2", (7 =159° 54' 3.6", c = 153° 29' 39.8"; 
or, B = 137° 19' 50.8", C= 50° 21' 16.4", c= 90° 8' 51.4". 

6. Impossible. 

7. (7= 90°, 5 = 113° 33' 15.5", 6 = 114° 47' 47.5". 

8. B= 68° 17' 2.4", ^ = 132° 35' 12.4", a = 131° 16' 32.2"; 
or, 5 = 111° 42' 57.6", A= 77° 3' 48.0", a= 95° 48' 41.8". 

9. Impossible. 
10. (7= 146° 37' 40.2", B= 55° I'll.S", b= 96° 33' 16.2". 

§ 166 ; page 111. 

a= 82° 54' 0.0", A= 79° 18' 29.0". 

c = 160° 6' 10.0", 0=164° 6' 8.4"; 

c = 103° 6' 20.4", 0=128° 22' 54.8". 

B= 63° 46' 30.2", b= 66° 29' 37.6". 

a = 117° 9' 5.2", A= 47° 20' 57.2". 

6 = 129° 9' 46.0", B= 89° 23' 51.8"; 

b= 20° 34' 54.2", B= 26° 57' 36.4". 

§ 167; page 112. 

1. Distance, 3275.20 mi. ; bearing of Boston from Greenwich, N. 71° 
38' 53.7" W. ; of Greenwich from Boston, K 53° 6' 31.9" E. 

2. Distance, 11012.9 mi. ; bearing of Calcutta from Valparaiso, S. 64° 
20' 17.4" E. ; of Valparaiso from Calcutta, S. 54° 54' 25.2" W. 

3. Latitude," 49° 58' 23.1" N. 

§ 170; page 113. 

1. Time, 6 h. m. 43 s. a.m. ; longitude, 44° 49' 18" W. 

2. 15° 0' 41.4". 3. N. 56° 28' 8.5" E. 4. 5 h. 3 m. 27 s. a.m. 



2. 


6 = 114° 48' 57.9", 


3. 


a= 67° 25' 2.3", 


or, 


a = 112° 34' 57.7", 


4. 


c= 90°, 


5. 


Impossible. 


6. 


6= 27° 22' 7.6", 


7. 


a= 43° 2' 23.6", 


or. 


a = 136° 57' 36.4", 


8. 


Impossible. 
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INTRODUCTION. 



I. USE OF THE TABLE OF LOGARITHMS OF NUMBERS. 

This table (pages 2 to 16) gives the mantissae of the logarithms of all 
numbers of four figures from 1000 to 10000, calculated to six places of 
decimals. 

To find the logarithm of any nomber of four figures. 

Find in the column N. the first three figures of the given number. 
Then the required mantissa will be found in the corresponding horizontal 
line, in the vertical column headed by the fourth figure of the number. 

If only the last four figures of the mantissa are found, the first two 
may be obtained from the nearest mantissa above, in the same column, 
which contains six figures. 

Finally, prefix the proper characteristic. 

For example, log 140.8 = 2.148603; 

log .05837 = 8.766190 - 10. 

For numbers of one, two, or three figures, the column headed may 
be used ; for log 167 has the same mantissa as log 1670, log 8.3 the same 
mantissa as log 8300, and log .9 the same mantissa as log 9000 ; thus, 

log 167 = 2.222716, log 8.3 = 0.919078, and log .9 = 9.954243 - 10. 

To find the logarithm of a number of more than four figures. 

Required the logarithm of 3296.78. 

We find from the table, log 3296 = 3.517987 ; 

log 3297 = 3.518119. 

That is, an increase of one unit in the number produces an increase 
of .000132 in the logarithm. 

Then an increase of .78 of a unit in the number will produce an 
increase of .78 x .000132 in the logarithm, or .000103 to the nearest sixth 
decimal place. 

Whence, log 3296.78 = 3.517987 -f- .000103 = 3.518090. 
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Note I. The foregoing method is based on the assumption that the differences of 
logarithms are proportional to the differences of their corresponding numbers, which, 
though not strictly accurate, is sufficiently exact for practical purposes. 

Note II. The difference between any mantissa in the table and the mantissa of 
the next higher number of Jour figures, is called the tabular difference. 

The following rule is derived from the above : 

Find from the table the mantissa of the first four significant figures, and 
the tabular difference. (See Note III.) 

Multiply the latter by the remaining figures of the number with a decimal 
point before them. (See Note IV.) 

Add the result to the mantissa of the first four figures, and prefix the 
proper characteristic. 

Example. Find the logarithm of .002243076. 



Mantissa of 2243 = 350829 


Tabular difference = 194 


15 


.076 


350844 


1164 




13 58 




Correction = 14.744 


Result, 7.350844 - 10. 


= 15, nearly. 



Note III. The tabular difference may be conveniently found as follows : 

Subtract the last figure of the mantissa from the last figure of the next greater, and 
then take the nearest integer, ending in that figure, to the number in the column D. in 
the same line. 

Thus, in the above example, the last figure of the mantissa of 2243 is 0, and of the 
next greater mantissa, 3 ; from 13 leaves 4, and the nearest integer, ending in 4, to 
193, the number in the column D., is 194, the proper tabular difference. 

Note IV. In finding the correction to the nearest unites figure, the decimal por- 
tion maf lie omitted provided that, if it is equal to or greater than .5, the unites figure 
is increased by 1. 

Thus, 13.26 would be taken as 13 ; 30.6 as 31 ; and 22.803 as 23. 

To find the number corresponding to a logarithm. 

1. Required the number whose logarithm is 1.693551. 

Find in the table the mantissa 693551. 

In the corresponding line, in the column N., we find 493, the first 
three figures of the required number, and at the head of the column we 
find 8, the fourth figure. 

Since the characteristic is 1, there must be two figures to the left of 
the decimal point. 

Whence, number corresponding to 1.693551 = 49.38. 



INTRODUCTION. V 

2. Required the number whose logarithm is 3.950185. 

We find in the table the mantissa 950170, whose corresponding num- 
ber is 8916, and the mantissa 950219, whose corresponding number is 8917. 

That is, an increase of 49 in the mantissa produces an increase of one 
unit in the number corresponding. 

Then an increase of 15 in the mantissa will produce an increase of —~ 
of a unit in the number corresponding, or .31 nearly. 

Whence, number corresponding = 8916 + .31 = 8916.31. 

The following rule is derived from the above : 

Find from the table the next less mantissa, the four figures corresponding , 
and the tabular difference, (See Note III.) 

Subtract the next less mantissa from the given mantissa, and divide the 
remainder by the tabular difference. (See Note VI.) 

Annex the quotient to the first four figures of the number, and point off 
the result. (See Note V.) 

Note V. The rules for pointing off are the reverse of the rules for characteristic ; 
they may be stated as follows : 

I. If — \Q is not vsritten after the mantissa^ add 1 to the characteristic, giving the 
number of places to the left of the decimal point. 

II. 7/"— 10 is written after the mantissa, subtract the positive part of the character- 
istic from 9, giving the number of ciphers to be placed between the decimal point and first 
significant figure. 

Example. Find the number whose logarithm is 7.427662 — 10. 



Next less mantissa 
Tabular difference 



427662 

427648 ; four figures corresponding = 2677. 

163)14.000(.085 = .09, nearly. 
13 04 



960 



Kesult, .00267709. 



Note VI. The correction can usually be depended upon to two decimal places ; 
the division should be carried out to three decimal places in order to determine the 
last figure accurately. (See Note IV.) 



II. USE OF THE TABLE OF LOGARITHMIC SINES, COSINES, ETC. 

TMs table (pages 18 to 62) gives tlie logarithms of the sines, cosines, 
tangents, and cotangents of all angles at intervals of one minute from 0° 
to 90^ 
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For angles between 0° and 45°, the degrees will be found at the top of 
the page, the minutes in the left-hand column, and the functions in the 
columns designated by the names at the top; that is, sines in the first 
column, cosines in the second, tangents in the third, and cotangents in 
the fourth. 

For angles between 45° and 90°, the degrees will be found at the foot 
of the page, the minutes in the right-hand column, and the functions in 
the columns designated by the names at the foot; that is, cosines in the 
first column, sines in the second, cotangents in the third, and tangents in 
the fourth. 

The sines and cosines of all acute angles, the tangents of angles 
between 0° and 45°, and the cotangents of angles between 45° and 90°, 
being less than unity, the characteristics of their logarithms have been 
increased by 10, and — 10 must be written after their mantissas ; in all 
other cases, the true value of the characteristic is given in the table. 



Thus, 



log sin 38° 37' 
logtan66°20' 
log cot 79° 3' 
log cos 85° 51' 



9.795259-10; 
0.358253 ; 
9.286624-10; 
8.859546 - 10. 



To find the logarithmic sine, cosine, tangent, or cotangent of any acute 
angle expressed in degrees, minutes, and seconds. 

Find from the table the logarithmic sine, cosine, tangent, or cotangent of 
the degrees and minutes, and the difference for 1" corresponding, (See 
Note VII. below.) 

Multiply this difference by the number of seconds. (See Note IV.) 

If sine or tangent, add | ,,^ .^ correction. 

If cosine or cotangent, subtract ) 

Note VII. The columns immediately to the right of those headed **Sin.," 
'*Cos.," and "Tan.,'' contain the respective differences for 1" ; the right-hand column 
of differences is also to be used with the column headed ** Cot." 

It will be observed that the differences do not stand in the same horizontal line 
with the logarithms, but opposite the intervals between consecutive logarithms. With 
the degrees at the top of the page, the difference next beloto should be taken ; with the 
degrees at the foot of the page, the difference next above. 

Note VIII. The rule given above assumes that the differences of the logarithmic 
functions are proportional to the differences of their corresponding angles, which, 
unless the angle is very near to 0° or 90°, is in general sufficiently exact for practical 
purposes. (See page x.) 
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1. Find logtanl7M3'51". 



log tan 17° 13' = 9.491180 - 10 

380 


D. 1" = 7.45 
51 


Result, 9.491560 - 10 


746 

372 6 



379.95 = 380, nearly. 



2. Find log cos 66° 38' 23". 

log cos 66° 38' = 9.598368 - 10 

112 



D. 1" = 4.88 
23 



Eesult, 



9.598256 - 10 



14 64 
97 6 



112.24 = 112, nearly. 



To find fhe acnte angle corresponding to a given logarithmic sine, 
cosine, tangent, or cotangent. 

Take from the table j if sine or tangent, the next less, if cosine or cotangent, 
the next greater, logarithmic function, the degrees and minutes corresponding, 
and the difference for 1". (See Note IX. below.) 

Find the difference between the given logarithm and that taken from the 
table, and divide it by the difference for 1", giving the correction in seconds. 

Add the result to the degrees and minutes. 

Note IX. In searching for the next less (or greater) logarithm, attention must 
be paid to the fact that the functions are found in different columns according as the 
angle is below or above 46°. 

If, for example, the next less logarithmic sine is found in the column with '•^ Sin/' 
at the top J the degrees must be taken from the top of the page, and the minutes from 
the left-hand column; but if it is found in the column with "Sin." at the /ooi, the 
degrees must be taken from the foot of the page, and the minutes from the right-hand 
column. Similar considerations hold with respect to the other three functions. 

1. Find the angle whose log sin = 9.959345 — 10. 

9.959345 - 10 
Next less log sin = 9.959310 — 10 ; angle corresponding = 65® 35'. 

D. 1" = .97)35 (36.08 = 36.1, nearly. 

291 



590 
582 



Kesult, 65'' 35' 36.1". 



800 



VIU 



INTRODUCTION. 



2. Find the angle whose log cot = 0.169602. 

Next greater log cot = 0.169651 ; angle corresponding = 34° 5'. 

0.169602 



D. 1" = 4.53)49(10.81 = 10.8, nearly. 

453 



3700 
3624 



Result, 34° 5' 10.8". 



760 



Note X. In finding the logarithmic sine of an iingle between 85° and 90°, or the 
logarithmic cosine of an angle between 0^ and 6°, it is better to obtain the correction 
by multiplying the difference between the next less and next greater logarithms by the 
number of seconds, and dividing the result by 60. 

In finding the angle corresponding in the same cases, the correction in seconds may 
be obtained by multiplying the difference between the given logarithm and that taken 
from the table by 60, and dividing the result by the difference between the next less 
and next greater logarithms. 

To find the logarithmic secant or cosecant of any acuto angle. 

Since sec x = and esc x = , we have 

cos X sin X 

log sec X = colog cos x, and log esc x = colog sin x. 

Hence, to find the logarithmic secant, subtract the logarithmic cosine from 
10 — 10; and to find the logarithmic cosecant ^ subtract the logarithmic sine 
from 10 - 10. 

Example. Find log sec 22"" 38'. 

From the table, we find log cos 22"" 38' = 9.965195 - 10. 

Subtracting from 10 - 10, log sec 22"" 38' = 0.034805. 

Note XI. The logarithmic cotangent of an angle may be obtained by subtracting 
the logarithmic tangent from 10 — 10. 

To find the logarithmic functions of an angle not lying between the 
limits 0° and 90°. 

Any function of any angle may be expressed as a function of a certain 
acute angle ; and hence the table of functions of acute angles serves to 
determine the functions of angles of any magnitude whatever, positive or 
negative. 

Let it be required, for example, to find log sin 152° 16'. 
We have, sin 152° 16' = sin (90° -f 62° 16') = cos 62° 16'. 
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Whence, log sin 152° 16' = log cos 62° 16' = 9.667786 - 10. 
Or we may proceed as follows : 

sin 152° 16' = sin (180° - 27° 44') = sin 27° 44'. 

Note Xn. If the natural function is negative, as for example in the case of the 
cosine of an angle between 90° and 180°, there is no logarithmic function, strictly 
speaking. 

In the solution of examples involving such functions, we may proceed as if the 
functions were positive, and determine the algebraic sign of the result irrespective of 
the logarithmic work. 



m. USE OF THE TABLE OF NATURAL SINES, COSINES, ETC. 

This table (pages 64 to 78) gives the natural values of the sines, 
cosines, tangents, and cotangents of all angles at intervals of 1' from 0° 
to 90°, calculated for sines, cosines, and tangents to five places of deci- 
mals, and for cotangents to five significant figures. 

Its use is similar to that of the table of logarithmic functions, except 
that the tabular differences for 1" are not given, but are to be calculated 
from the table when required. 

1. Required tan 41° 27' 14". 

tan 41° 27' = .88317. 

The difference between this and tan 41° 28' is 52. 

14 
Correction for 14" = — - x 52 = 12, nearly. 

60 

.88317 
12 



Result, .88329 

2. Required the angle whose cos = .45854. 

Next greater cos = .45865 ; angle corresponding = 62° 42^ 

.45854 



11 

The difference between cos 62° 42' and cos 62° 43' is 26. 

Correction in seconds = — - x 60 = 25.4, nearly. 

26 

Result, 62° 42' 25.4". 

Note Zm. To find a natural function to a greater degree of accuracy than is 
possible from the table of natural functions, we may find the logarithmic function of 
the angle, and take the number corresponding to the result. 
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IV. USE OF THE AUXILIARY TABLE FOR SMALL ANGLES. 

This table (page 79) gives the values of the expressions 

10 -h log sin « — log a? and 10 -f log tan a; — log a;, 

X being expressed in seconds, for all angles at intervals of 1' from 0° to 
4** 59'. 

It may be used to find the logarithmic sines or tangents of angles 
between 0** and 5°, or the angles corresponding in the same cases, to a 
greater degree of accuracy than is possible from the table of logarithmic 
functions. (See Note VIII.) 

To find the logarithmic sine or tangent of an angle between 0'' and 6°, 

Find from the auxiliary table the logarithm corresponding to the given 
function, add to the result the logarithm of the number of seconds in the angle, 
and write — 10 after the mantissa. 

Example. Find log tan 0° 43' 37". 

The logarithms corresponding to tan 0*'43' and tan 0® 44' are 4.686597 

and 4.685599 ; the difference between which is 2. 

37 
Correction for 37" = — x 2 = 1, nearly. 

60 -^ 

Adding to 4.685597, the result is 4.685598. 
The given angle, reduced to seconds, is 2617". 

4.685598 - 10 
log 2617 = 3.417804 

Result, 8.103402 - 10 

This is correct to the sixth place of decimals ; the result by the table 
of logarithmic tangents is 8.103375 — 10. 

To find the angle corresponding to a given logarithmic sine or tangent, 
when between 0° and S"". 

Fiyid from the table of logarithmic functions the angle corresponding to the 
given logarithm, to the nearest second. 

Take from the auxiliary table the logarithm corresponding to this angle. 

Subtract the result from the given logarithm, and find the number corre- 
sponding to the difference, giving the required angle in seconds. 

Example. Find the angle whose log sin = 7.632366 — 10. 
The angle corresponding is 0° 14' 45", to the nearest second. 
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The logarithm corresponding to sin 0'' 14 45" is 4.685673 - 10. 

7.632366 - 10 
4.685573 - 10 



XI 



2.946793 

The number corresponding to this logarithm is 884.69. 
Then the required angle is 884.69", or 0° 14' 44.69". 
This is correct to the second decimal place of seconds ; the result by 
the table of logarithmic sines is 0° 14' 45.08". 

Note XIV. The above methods serve to determine with axjcuracy the logarithmic 
cosine or cotangent of an angle between 85° and 90°, or the angle corresponding in the 
same cases. 

To find accurately the logarithmic tangent of an angle between 86° and 90°, find 
the logarithmic cotangent of the angle as above, and subtract the result from 10 — 10. 
(Note XL) 

To find the angle corresponding to a logarithmic tangent in the same case, find the 
logarithmic cotangent of the angle (Note XI.), and find the angle corresponding to the 
result. 

These methods also serve to determine .the logarithmic cotangent of an angle 
between 0° and 6°, or the angle corresponding in the same case. 
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LOGARITHMS OF NUMBERS 



FROM 1 TO 10,000. 
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.\ 



N. 

lOO 





1 


2 


3 


4 


6 


6 


7 


8 


9 


D. 

432- 


000000 


000434 


000868 


00 1301 


001734 


002166 


002598 


003029 


003461 


003891 


XOI 


4321 


4751 


5181 


5609 


6038 


6466 


6894 


7321 


7748 


8174 


428 


X02 


8600 


9026 


9451 


9876 


01 0300 


oi 0724 


01 1 147 


01 1570 


01 1993 


01 2415 


424 


103 


01 2837 


01 3259 


01 3680 


01 4100 


A521 
8700 


4940 


5360 


5779 


6197 


6616 


420 


104 


7033 


7451 


7868 


8284 


9116 


9532 


9947 


02 0361 


02 0775 


416 


105 


02 1 189 


02 1603 


02 2016 


02 2428 


02 2841 


02 3252 


02 3664 


02 4075 


024486 


02 4896 


412 


106 


5306 


5715 


6125 


6533 


6942 


7350 


7757 


8164 


8571 


8978 


408 


107' 


9^84 


9789 


03 0195 


030600 


03 1004 


03 1408 


03 1812 


03 2216 


03 2619 


03 3021 


404 


108 


03 3424 


03 3826 


4227 


4628 


5029 


5430 


5830 


6230 


6629 


7028 


400 


log 


7426 


7825 


8223 


8620 


9017 


9414 


981 1 


04 0207 


040602 


040998 


397 


no 


04 1393 


04 1787 


042182 


042576 


042969 


04 3362 


04 3755 


04 4148 


04 4540 


04 4932 


393 


III 


5323 


5714 


6105 


6495 


6885 


7275 


7664 


8053 


8442 


8830 


390 


112 


9218 


9606 


9993 


050380 


05 0766 


05 1 153 


05 1538 


05 1924 


052309 


05 2694 


386 


"3 


05 3078 


05 3463 


05 3846 


4230 


4613 


4996 


5378 


5760 


6142 


6524 


383 


114 


6905 


7286 


7666 


8046 


8426 


8805 


9185 


9563 


9942 


060320 


379 


"5 


060698 


06 1075 


06 1452 


06 1829 


062206 


06 2582 


06 2958 


06 3333 


06 3709 


064083 


376 


116 


4458 


4832 


5206 


5580 


5953 


6326 


6699 


7071 


7443 


7815 


373 


117 


8186 


8557 


%5^ 


9298 


9668 


070038 


070407 


07 0776 


07 1 145 


07 1514 


370 


118 


07 1882 


07 2250 


07 201 7 


07 2985 


07 3352 


3718 


4085 


4451 


4816 


5182 


366 


119 


5547 


5912 


6276 


6640 


7004 


7368 


7731 


8094 


8457 


8819 


363 


lao 


079181 


07 9543 


079904 


08 0266 


08 0626 


080987 


08 1347 


08 1707 


082067 


082426 


360 


121 


08 2785 


083144 


08 3503 


3861 


4219 


4576 


4934 


5291 


5647 


6004 


357 


122 


6360 


6716 


7071 


7426 


7781 


8136 


8490 


8845 


9198 


9552 


355 


123 


9905 


090258 


09 061 1 


090963 


091315 


09 1667 


092018 


092370 


09 2721 


093071 


352 


124 


09 3422 


3772 


4122 


4471 


4820 


,5169 


5518 


5866 


6215 


6562 


349 


"5 


096910 


097257 


097604 


097951 


098298 


098644 


098990 


099335 


09 9681 


100026 


346 


126 


10 0371 


100715 


10 1059 

44«7 


10 1403 


10 1747 


10 2091 


10 2434 


102777 


103119 


3462 


343 


127 


3804 


4146 


4828 


5169 


5510 


5851 


6191 


6531 


6871 


341 


128 


7210 


7549 


7888 


8227 


8565 


8903 


9241 


9579 


9916 


II 0253 


338 


129 


II 0590 


II 0926 


II 1263 


II 1599 


II 1934 


II 2270 


II 2605 


II 2940 


II 3275 


3609 


335 


130 


1 1 3943 


II 4277 


II 461 1 


"4944 


II 5278 


II 5611 


II 5943 


II 6276 


II 6608 


II 6940 


333 


131 


7271 


7603 


7934 


8265 


8595 


8926 


9256 


9586 


9915 


120245 


330 


132 


120574 


120903 


12 1231 


12 1560 


12 1888 


12 2216 


122544 


12 2871 


12 3198 


3525 


328 


133 


3852 


4178 


4504 


4830 


5156 


5481 


5806 


6131 


6456 


6781 


325 


134 


7105 


7429 


7753 


8076 


8399 


8722 


9045 


9368 


9690 


130012 


323 


135 


130334 


130655 


130977 


13 1298 


131619 


13 1939 


132260 


132580 


132900 


13 3219 


321 


136 


3539 


3858 


4177 


4496 


4814 


5133 


5451 


5769 


6086 


6403 


318 


137 


6721 


7037 


7354 


7671 


7987 


8303 


8618 


8934 


9249 


9564 


316 


138 


9879 


14 0194 


14 0508 


14 0822 


141136 


14 1450 


14 1763 


14 2076 


14 2389 


14 2702 


314 


139 


14 3015 


3327 


3639 


3951 


4263 


4574 


4885 


5196 


5507 


5818 


311 


140 


14 6128 


14 6438 


14 6748 


14 7058 


14 7367 


14 7676 


14 7985 


148294 


148603 


14 891 1 


309 


141 


9219 


9527 


9835 


15 0142 


150449 


150756 


15 1063 


15 1370 


15 1676 


15 1982 


307 


142 


15 2288 


15 2^94 


15 2900 


3205 


3510 


3815 


4120 


4424 


4728 


5032 


305 


143 


5336 


5^40 


5943 


6246 


6549 


6852 


7154 


7457 


7759 


8061 


303 


144 


8362 


8664 


8965 


9266 


9567 


9868 


16 0168 


160469 


16 0769 


16 io68 


301 


145 


16 1368 


16 1667 


16 1967 


16 2266 


16 2564 


162863 


163161 


163460 


163758 


164055 


299 


146 


4353 


4650 


4947 


5244 


5541 


5838 


6134 


6430 


6726 


7022 


297 


147 


7317 


7613 


7908 


8203 


8497 


8792 


9086 


9380 


9674 


9968 


295 


148 


1 7 0262 


170555 


170848 


171141 


17 1434 


17 1726 


17 2019 


172311 


172603 


172895 


293 


149 


3186 


3478 


3769 


4060 


4351 


4641 


4932 


5222 


5512 


5802 


291 


150 


17 6091 


17 6381 


176670 


176959 


177248 


177536 


17 7825 


178113 


17 8401 


178689 


289 


151 


o^?77 


9264 


9552 


9839 


18 0126 


18 0413 


180699 


180986 


18 1272 


18 1558 


^!7 


152 


18 1844 


18 2129 


18 2415 


182700 


2985 


3270 


3555 


3839 


4123 


4407 


285 


153 


4691 


4975 


5259 


5542 


C825 


6108 


6391 


6674 


6956 


7239 


283 


154 


7521 


7803 


8084 


8366 


8647 


8928 


9209 


9490 


9771 


19 0051 


281 


155 


190332 


19 061 2 


19 0892 


19 1171 


191451 


19 1730 


19 2010 


19 2289 


19 2567 


192846 


279 


156 


3125 


3403 


3681 


3959 


4237 


4514 


4792 


5069 


5346 


5623 


278 


157 


5900 


6176 


6453 


6729 


7005 


7281 


7556 


7832 


8107 


8382 


276 


158 


8657 


8932 


9206 


9481 


9755 


200029 


200303 


200577 


20 0850 


20 1 124 


274 


159 

N. 


20 1397 


20 1670 


20 1943 


20 2216 


20 2488 


2761 


3033 


3305 


3577 


3848 


272 
D. 





1 


2 


3 


4 


5 


6 


7 


8 


9 
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N. 
1 60 





1 


2 


3 


4 


6 


6 


7 


8 


9 


D. 

271 


204120 


204391 


20 4663 


204934 


205204 


205,475 


20 5746 


206016 


20 6286 


20 6556 


161 


6826 


7096 


7365 


7634 


7904 


8173 


8441 


8710 


8979 


9247 


269 


162 


9515 


9783 


21 0051 


21 0319 


21 0586 


210853 


21 1121 


21 1388 


21 1654 


21 1921 


267 


163 


21 2188 


212454 


2720 


2986 


3252 


3518 


 3783 


4049 


4314 


4579 


266 


164 


4844 


5109 


5373 


5638 


5902 


6166 


6430 


6694 


6957 


7221 


264 


165 


21 7484 


21 7747 


21 8010 


21 8273 


21 8536 


21 8798 


21 9060 


21 9323 


21 9585 


21 9846 


262 


1G6 


220108 


22 0370 


220631 


22 0892 


221153 


22 1414 


22 1675 


22 1936 


22 2196 


22 2456 


261 


167 


2716 


2976 


3236 


3496 


3755 


4015 


4274 


4533 


4792 


5051 


259 


168 


5309 


5568 


5826 


6084 


6342 


6600 


6858 


7"5 


7372 


7630 


258 


i6g 


7887 


8144 


8400 


8657 


8913 


9170 


9426 


9682 


9938 


23 0193 


256 


170 


230449 


23 0704 


230960 


23 1215 


23 1470 


23 1724 


23 1979 


232234 


23 2488 


23 2742 


255 


171 


2996 


3250 


3504 


3757 


401 1 


4264 


4517 


4770 


5023 


5276 


253 


172 


5528 


5781 


6033 


6285 


6537 


6789 


7041 


7292 


7544 


7795 


252 


173 


8046 


8297 


8548 


8799 


9049 


9299 


9550 


9800 


240050 


240300 


250 


174 


240549 


24 0799 


24 1048 


24 1297 


241546 


24 1795 


242044 


24 2293 


2541 


2790 


249 


175 


24 3038 


24 3286 


24 3534 


243782 


24 4030 


24 4277 


24 4525 


24 4772 


245019 


24 5266 


248 


176 


5513 


5759 


6006 


6252 


6499 


6745 


6991 


7237 


7482 


7728 


246 


177 


7973 


8219 


8464 


8709 


8954 


9198 


9443 


9687 


9932 


250176 


245 


178 


25 0420 


25 0664 


250908 


251151 


25 1395 


25 1638 


25 1881 


25 2125 


25 2368 


2610 


243 


179 


2853 


3096 


3338 


3580 


3822 


4064 


4306 


4548 


4790 


5031 


242 


180 


25 5273 


255514 


25 5755 


25 5996 


25 6237 


25 6477 


25 6718 


25 6958 


25 7198 


25 7439 


241 


181 


7679 


7918 


8158 


8398 


8637 


8877 


9116 


9355 


9594 


9833 


239 


182 


260071 


260310 


26 0548 


26 0787 


26 1025 


26 1263 


26 1 501 


26 1739 


26 1976 


262214 


238 


183 


2451 


2688 


2925 


3162 


3399 


3636 


3873 


4109 


4346 


4582 


237 


184 


4818 


5054 


5290 


5525 


5761 


5996 


6232 


6467 


6702 


6937 


235 


185 


267172 


26 7406 


26 7641 


26 7875 


268110 


268344 


268578 


268812 


26 9046 


26 9279 


234 


186 


9513 


9746 


9980 


270213 


27 0446 


27 0679 


27 0912 


27 1 144 


27 1377 


27 1609 


233 


187 


27 1842 


27 2074 


27 2306 


2538 


2770 


3001 


3233 


3464 


3696 


3927 


232 


188 


4158 


4389 


4620 


4850 


5081 


53" 


5542 


5772 


6002 


6232 


230 


i8g 


6462 


6692 


6921 


7151 


7380 


7609 


7838 


8067 


8296 


8525 


229 


190 


27 8754 


27 8982 


27 921 1 


27 9439 


27 9667 


27 9895 


280123 


280351 


280578 


280806 


228 


191 


28 1033 


28 1 261 


28 1488 


28 1715 


28 1942 


28 2169 


2396 


2622 


2849 


3075 


227 


192 


3301 


3527 


3753 


3979 


4205 


4431 


4656 


4882 


5107 


5332 


226 


193 


5557 


5782 


6007 


6232 


6456 


6681 


6905 


7130 


.7354 


7578 


225 


194 


7802 


8249 


8473 


8696 


8920 


9143 


9366 


9589 


9812 


223 


195 


290035 


290257 


290480 


29 0702 


290925 


291147 


29 1369 


29 1591 


29 1813 


292034 


222 


196 


2256 


2478 


2699 


2920 


3141 


3363 


3584 


3804 


4025 


4246 


221 


197 


4466 


4687 


4907 


5127 


5347 


5567 


5787 


6007 


6226 


6446 


220 


198 


6665 


6884 


7104 


7323 


7542 


7761 


7979" 


8198 


8416 


8635 


219 


199 


8853 


9071 


9289 


9507 


9725 


9943 


300161 


30 0378 


30 0595 


300813 


218 


200 


30 1030 


301247 


30 1464 


30 1681 


30 1898 


30 21 14 


302331 


30 2547 


30 2764 


302980 


217 


201 


^ 3196 


3412 


3628 


3844 


4059 


4275 


4491 


4706 


4921 


5136 


216 


202 


5351 


5566 


5781 


5996 


621 1 


6425 


6639 


6854 


7068 


7282 


215 


-203 


7496 


7710 


7924 


8137 


8351 


8564 


8778 


8991 


9204 


9417 


213 


204 


9630 


9843 


310056 


31 0268 


31 0481 


31 0693 


31 0906 


31 1118 


31 1330 


31 1542 


212 


205 


31 1754 


31 1966 


31 2177 


31 2389 


31 2600 


31 2812 


31 3023 


31 3234 


313445 


31 3656 


211 


206 


3867 


4078 


4289 


4499 


4710 


4920 


5130 


5340 


5551 


5760 


210 


207 


5970 


6180 


6390 


6599 


6809 


7018 


7227 


7436 


7646 


7854 


209 


208 


8063 


8272 


8481 


8689 


8898 


9106 


9314 


9522 


9730 


9938 


208 


209 


320146 


32 0354 


32 0562 


320769 


32 0977 


32 1 184 


32 1391 


32 1598 


321805 


32 2012 


207 


210 


322219 


32 2426 


32 2633 


32 2839 


32 3046 


32 3252 


32 3458 


32 3665 


32 3871 


32 4077 


206 


211 


4282 


4488 


4694 


4899 


5105 


5310 


5516 


5721 


5926 


6131 


205 


212 


6336 


6541 


6745 


6950 


7155 


7359 


7563 


7767 


7972 


8176 


204 


213 


8380 


8583 


8787 


8991 


9194 


9398 


9601 


9805 


330008 


33 021 1 


203 


214 


33 0414 


330617 


330819 


33 1022 


33 1225 


33 1427 


33 1630 


33 1832 


2034 


2236 


202 


215 


33 2438 


33 2640 


33 2842 


33 3044 


3Z 3246 


33 3447 


33 3649 


33 3850 


334051 


zz 4253 


202 


216 


4454 


4655 


4856 


5057 


5257 


5458 


5658 


5859 


6059 


6260 


201 


217 


6460 


6660 


6860 


7060 


7260 


7459 


7659 


7858 


8058 


8257 


200 


218 


8456 


8656 


8855 


9054 


9253 


9451 


9650 


9849 


340047 


340246 


199 


2x9 

N. 


340444 


340642 


340841 


34 1039 


341237 


34 1435 


34 1632 


34 1830 


2028 


2225 


198 
D. 
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220 





1 


2 


3 


4 


5 


6 


7 


8 


9 


D. 


34 2423 


342620 


342817 


34 3014 


343212 


343409 


343606 


343802 


34 3999 


344196 


197 


221 


4392 


4589 


4785 


4981 


5178 


5374 


5570 


5766 


5962 


6157 


196 


222 


6353 


6549 


6744 


6939 


7135 


7330 


7525 


7720 


7915 


8110 


'95 


223 


«305 


8500 


8694 


8889 


9083 


9278 


9472 


9666 


9860 


350054 


194 


224 
225 


35 0248 
35 2183 


350442 
35 2375 


35 0636 
35 2568 


35 0829 


^q 102^ 


35 I2i6 
35 3 147 


35 Hio 
35 3339 


35 1603 
35 3532 


35 1796 
353724 


1989 
35 3916 


'9>' 
193 


35 2761 


35 2954 


226 


4108 


4301 


4493 


4685 


4876 


5068 


5260 


5452 


5643 


- 5834 


192 


227 


6026 


6217 


6408 


6599 


6790 


6981 


7172 


7363 


7554 


7744 


191 


228 


7935 


8125 


8316 


8506 


8696 


8886 


9076 


9266 


9456 


9646 


190 


229. 


9835 


360025 


360215 


36 0404 


36 0593 


36 0783 


360972 


36 1161 


36 1350 


36 1539 


189 


230 


361728 


361917 


36 2105 


36 2294 


36 2482 


362671^ 


36 2859 


363048 


36 3236 


36 3424 


188 


231 


3612 


3800 


3988 


4176 


4363 


4551 


4739 


4926 


5"3 


5301 


188 


232 


5488 


5675 


5862 


6049 


6236 


6423 


6610 


6796 


6983 


7169 


187 


233 


7356 


7542 


7729 


7915 


8101 


8287 


8473 


8659 


8845 


9030 


186 


234 


9216 


9401 


9587 


9772 


9958 


37 0143 


37 0328 


370513 


370698 


37 0883 


185 


235 


37 1068 


37 1253 


37 1437 


37 1622 


371806 


37 1991 


372175 


372360 


37 2544 


37 2728 


184 


236 


2912 


3096 


3280 


3464 


3647 


3831 


4015 


4198 


4382 


4565 


184 


237 


4748 


4932 


5"5 


5298 


5481 


5664 


5846 


6029 


6212 


6394 


'83 


238 


6577 


6759 


6942 


7124 


7306 


7488 


7670 


7852 


8034 


8216 


182 


239 


8398 


8580 


8761 


8943 


9124 


9306 


9487 


9668 


9849 


380030 


181 


240 


38 021 1 


380392 


380573 


38 0754 


380934 


3811,15 


38 1296 


38 1476 


38 1656 


38 1837 


181 


241 


2017 


2197 


2377 


2557 


2737 


2917 


3097 


3277 


3456 


3636 


180 


242 


3815 


3995 


4174 


4353 


4533 


4712 


4891 


5070 


5249 


5428 


179 


243 


5606 


5785 


5964 


6142 


6321 


6499 


6677 


6856 


7034 


7212 


178 


244 


7390 


7568 


7746 


7923 


8101 


8279 


8456 


8634 


881 1 


8989 


178 


245 


389166 


38 9343 


38 9520 


389698 


38 9875 


390051 


39 0228 


39 0405 


39 0582 


39 0759 


177 


246 


390935 


391112 


39 1288 


39 1464 


39 1 641 


1817 


1993 


2169 


2345 


2521 


176 


247 


2697 


2873 


3048 


3224 


3400 


3575 


3751 


3926 


4101 


4277 


176 


248 


4452 


4627 


4802 


4977 


5152 


5326 


5501. 


5676 


5850 


6025 


'75 


249 


6199 


6374 


6548 


6722 


6896 


7071 


7245 


7419 


7592 


7766 


'74 


250 


397940 


39 81 14 


39 8287 


39 8461 


398634 


398808 


39 8981 


399154 


39 9328 


39 9501 


'73 


251 


9674 


9847 


400020 


400192 


40 0365 


40 0538 


40 071 1 


40 0883 


40 1056 


40 1228 


'73 


252 


40 1401 


40 1573 


1745 


1917 


2089 


2261 


2433 


2605 


2777 


2949 


172 


253 


3121 


3292 


3464 


3635 


3807 


3978 


4149 


4320 


4492 


4663 


171 


254 


4834 


5005 


5176 


5346 


5517 


5688 


5858 


6029 


6199 


6370 


171 


255 


40 6540 


406710 


406881 


407051 


40 7221 


40 7391 


40 7561 


40 7731 


40 7901 


408070 


170 


256 


8240 


8410 


8579 


8749 


8918 


9087 


9257 


9426 


9595 


9764 


169 


257 


9933 


41 0102 


41 0271 


41 0440 


41 0609 


410777 


41 0946 


41 1 1 14 


41 1283 


41 145 1 


169 


258 


41 1620 


1788 


1956 


2124 


2293 


2461 


2629 


2796 


2964 


3132 


168 


259 


3300 


3467 


3635 


3803 


3970 


4137 


4305 


4472 


4639 


4806 


167 


260 


41.4973 


41 5140 


41 5307 


41 5474 


41 5641 


415808 


41 5974 


41 6141 


41 6308 


41 6474 


167 


261 


6641 


6807 


6973 


7139 


7306 


7472 


7638 


7804 


7970 


8135 


166 


262 


8301 


8467 


8633 


8798 


8964 


9129 


9295 


9460 


9625 


9791 


165 


263 


9956 


420121 


42 0286 


420451 


420616 


42 0781 


420945 


42 mo 


42 1275 


42 1439 


165 


264 


42 1604 


1768 


1933 


2097 


2261 


2426 


2590 


2754 


2918 


3082 


164 


265 


42 3246 


42 3410 


42 3574 


42 3737 


423901 


424065 


42 4228 


42 4392 


424555 


424718 


164 


266 


4882 


5045 


5208 


5371 


5534 


5697 


5860 


6023 


6186 


6349 


'63 


267 


651 1 


6674 


6836 


6999 


7161 


7324 


7486 


7648 


781 1 


7973 


162 


268 


8135 


8297 


8459 


8621 


8783 


8944 


9106 


9268 


9429 


959' 


162 


269 


9752 


9914 


430075 


43 0236 


43 0398 


43 0559 


43^0720 


430881 


43 1042 


43 1203 


161 


270 


43 1364 


43 1525 


43 1685 


43 1846 


432007 


43 2167 


43 2328 


43 2488 


43 2649 


432809 


161 


271 


2969 


3130 


3290 


3450 


3610 


3770 


3930 


4090 


4249 


4409 


160 


272 


4569 


4729 


4888 


5048 


5207 


5367 


5526 


5685 


5844 


6004 


'59 


273 


6163 


6322 


, 6481 


6640 


6799 


6957 


7116 


Zf75 


7433 


7592 


'59 


274 


775' 


7909 


8067 


8226 


8384 


8542 


8701 


8859 


9017 


9175 


158 


275 


43 9333 


439491 


43 9648 


439806 


43 9964 


440122 


440279 


440437 


440594 


440752 


158 


276 


440909 


44 1066 


441224 


441381 


441538 


1695 


1852 


2009 


2166 


> 2323 


'57 


277 


2480 


2637 


2793 


2950 


3106 


3263 


3419 


3576 


3732 


3889 


'57 


278 


4045 


4201 


4357 


4513 


4669 


4825 


4981 


5J37 


5293 


5449 


156 


279 

N. 


5604 


5760 


5915 


6071 


6226 


6382 


6537 


6692 


6848 


7003 


'55 
D. 
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1 


2 


3 


4 


5 


a 


7 


8 


9 


D. 

155 


447158 


447313 


447468 


447623 


447778 


44 7933 


448088 


448242 


448397 


448552 


281 


8706 


8861 


9615 


9170 


9324 


9478 


9633 


9787 


9941 


450095 


154 


282 


45 0249 


45 0403 


45 0557 


45 071 1 


45 0865 


45 1018 


45 "72 


45 1326 


45 1479 


1633 


154 


283 


1786 


1940 


. 2093 


2247 


2400 


2553 


2706 


2859 


3012 


3165 


153 


284 


3318 


3471 


3624 


3777 


3930 


4082 


4235 


4387 


4540 


4692 


153 


285 


45 4845 


45 4997 


45 5150 


45 5302 


45 5454 


455606 


45 5758 


45 5910 


45 6062 


45 6214 


152 


286 


6366 


6518 


6670 


6821 


6973 


7125 


7276 


7428 


7579 


7731 


152 


287 


7882 


8033 


8184 


8336 


8487 


8638 


8789 


8940 


9091 


9242 


151 


288 


9392 


9543 


9694 


9845 


9995 


460146 


46 0296 


460447 


46 0597 


46 0748 


151 


289 


46 0898 


46 1048 


46 1 198 


46 1348 


46 1499 


1649 


1799 


1948 


2098 


2248 


150 


290 


46 2398 


46 2548 


462697 


46 2847 


462997 


46 3146 


46 3296 


463445 


46 3594 


463744 


150 


291 


3893 


4042 


4191 


4340 


4490 


4639 


4788 


4936 


5085 


5234 


149 


292 


5383 


5532 


5680 


5829 


5977 


6126 


6274 


6423 


6571 


6719 


149 


293 


6868 


7016 


7164 


7312 


7460 


7608 


7756 


7904 


8052 


8200 


148 


294 


8347 


8495 


8643 


8790 


8938 


9085 


9233 


9380 


9527 


9675 


148 


295 


46 9822 


469969 


47 01 16 


47 0263 


47 0410 


470557 


47 0704 


470851 


470998 


47 I H5 


147 


296 


47 1292 


47 1438 


1585 


1732 


1878 


2025 


2171 


2318 


2464 


2610 


146 


297 


2756 


2903 


3049 


3195 


3341 


3487 


3633 


3779 


3925 


4071 


146 


298 


4216 


4362 


4508 


4653 


4799 


4944 


5090 


5235 


5381 


5526 


146 


299 


5671 


5816 


5962 


6107 


6252 


6397 


6542 


6687 


6832 


6976 


145 


300 


47 7121 


47 7266 


47 74" 


47 7555 


477700 


477844 


47 7989 


478133 


47 8278 


47 8422 


HS 


301 


8566 


871 1 


8855 


8999 


9143 


9287 


9431 


9575 


9719 


9863 


144 


302 


480007 


480151 


48 0294 


480438 


480582 


480725 


480869 


48 1012 


48 1 156 


48 1299 


144 


303 


1443 


1586 


1729 


1872 


2016 


2159 


2302 


2445 


2588 


2731 


143 


304 


2874 


3016 


3159 


3302 


3445 


3587 


3730 


3872 


4015 


4157 


143 


305 


484300 


484442 


484585 


48 4727 


484869 


48 501 1 


485153 


48 5295 


48 5437 


48 5579 


142 


306 


5721 


5863 


6005 


6147 


6289 


6430 


6572 


6714 


6855 


6997 


142 


307 


7'38 


7280 


7421 


7563 


7704 


7845 


7986 


8127 


8269 


8410 


141 


308 


8551 


8692 


8833 


8974 


9114 


9255 


9396 


9537 


9677 


9818 


141 


309 


9958 


490099 


49 0239 


490380 


49 0520 


49 0661 


490801 


490941 


49 108 1 


49 1222 


140 


310 


49 1362 


49 1502 


49 1642 


491782 


49 1922 


492062 


49 2201 


49 2341 


49 2481 


49 2621 


140 


3" 


2760 


2900 


3040 


3179 


3319 


3458 


3597 


3737 


3876 


4015 


139 


312 


4155 


4294 


4433 


4572 


471 1 


4850 


4989 


5128 


5267 


5406 


139 


313 


5544 


5683 


58^2 


5960 


6099 


6238 


6376 


6515 


6653 


6791 


139 


314 


6930 


7068 


7206 


7344 


7483 


7621 


7759 


7897 


8055' 


8173 


138 


315 


49 831 1 


498448 


49 8586 


498724 


49 8862 


498999 


499137 


49 9275 


499412 


49 9550 


138 


316 


9687 


9824 


9962 


500099 


50 0236 


50 0374 


50 051 1 


500648 


50 0785 


500922 


^37 


317 


50 1059 


50 1 196 


50 1333 


1470 


1607 


1744 


1880 


2017 


2154 


2291 


137 


318 


2427 


2564 


2700 


2837 


2973 


3109 


3246 


3382 


3518 


3655 


136 


-319 


3791 


3927 


4063 


4199 


4335 


4471 


4607 


4743 


4878 


5014 


136 


320 


505150 


50 5286 


50 5421 


505557 


50 5693 


50 5828 


50 5964 


506099 


506234 


50 6370 


136 


321 


6505 


6640 


6776 


6911 


7046 


7181 


7316 


7451 


7586 


7721 


135 


32a 


7856 


7991 


8126 


8260 


8395 


8530 


8664 


8799 


8934 


9068 


135 


323 


9203 


9337 


9471 


9606 


9740 


9874 


510009 


51 0143 


510277 


51 041 1 


134 


324 


510545 


510679 


51 0813 


510947 


51 1081 


511215 


1349 


1482 


1616 


1750 


134 


325 


51 1883 


51 2017 


51 2151 


51 2284 


51 2418 


51 2551 


51 2684 


51 2818 


51 2951 


51 3084 


133 


326 


3218 


3351 


3484 


3617 


3750 


3883 


4016 


4149 


• 4282 


4415 


133 


327 


4548 


4681 


4813 


4946 


5079 


5211 


5344 


5476 


5609 


5741 


133 


328 


5874 


6006 


6139 


6271 


6403 


6535 


6668 


6800 


6932 


7064 


132 


329 


7196 


7328 


7460 


7592 


7724 


7855 


7987 


8119 


8251 


8382 


132 


330 


51 8514 


51 8646 


51 8777 


518909 


51 9040 


519171 


51 9303 


519434 


51 9566 


519697 


131 


331 


9828 


9959 


520090 


520221 


520353 


52 0484 


520615 


52 0745 


520876 


52 1007 


131 


332 


521138 


52 1269 


1400 


1530 


1661 


1792 


1922 


2053 


2183 


2314 


131 


333 


2444 


2575 


2705 


2835 


2966 


3096 


3226 


3356 


3486 


3616 


130 


334 


3746 


3876 


4006 


4136 


4266 


4396 


4526 


4656 


4785 


4915 


130 


335 


525045 


525174 


52 5304 


52 5434 


52 5563 


52 5693 


52 5822 


525951 


526081 


526210 


129 


336 


6339 


6469 


6598 


6727 


6856 


6985 


7114 


7243 


• 7372 


7501 


129 


337 


7630 


7759 


7888 


8016 


8145 


8274 


8402 


8531 


8660 


8788 


129 


338 


8917 


9045 


9174 


9302 


9430 


9559 


9687 


9815 


9943 


530072 


128 


339 

N. 


530200 


53 0328 


530456 


530584 


530712 


53 0840 


530968 


53 1096 


53 1223 


1351 


128 
D. 
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3 
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6 


6 


7 


8 
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D. 

128 


53 1479 


531607 


53 1734 


53 1862 


531990 


532117 


532245 


53 2372 


532500 


53 2627 


341 


2754 


2882 


3009 


3136 


3264 


3391 


3518 


3645 


3772 


3899 


127 


342 


4026 


4153 


4280 


4407 


4534 


4661 


4787 


4914 


5041 


5167 


127 


343 


5294 


5421 


5547 


5674 


5800 


5927 


6053 


6180 


6306 


6432 


126 


344 


6558 


6685 


681 1 


6937 


7063 


7189 


7315 


7441 


7567 


7693 


126 


345 


53 7819 


53 7945 


538071 


538197 


53 8322 


538448 


53 8574 


538699 


53 8825 


538951 


126 


346 


9076 


9202 


9327 


9452 


9578 


9703 


9829 


9954 


540079 


54 0204 


125 


347 


54 0329 


54 0455 


540580 


54 0705 


54 0830 


540955 


54 1080 


54 1205 


1330 


1454 


125 


348 


1579 


1704 


1829 


1953 


2078 


2203 


2327 


2452 


2576 


2701 


125 


349 


2825 


2950 


3074 


3199 


3323 


3447 


3571 


3696 


3820 


3944 


124 


350 


544068 


544192 


544316 


544440 


54 4564 


54 4688 


544812 


54 4936 


54 5060 


545183 


124 


351 


5307 


5431 


5555 


5678 


5802 


5925 


6049 


6172 


6296 


6419 


124 


352 


6543 


6666 


6789 


6913 


7036 


7159 


7282 


7405 


7529 


7652 


123 


353 


7775 


7898 


8021 


8144 


8267 


8389 


8512 


8635 


8758 


8881 


123 


354 


9003 


9126 


9249 


9371 


9494 


9616 


9739 


9861 


9984 


55 0106 


123 


355 


55 0228 


550351 


55 0473 


55 0595 


550717 


55 0840 


550962 


55 1084 


55 1206 


55 1328 


122 


356 


1450 


1572 


1694 


1816 


1938 


2060 


2181 


2303 


2425 


2547 


122 


357 


2668 


2790 


291 1 


3033 


3155 


3276 


3398 


3519 


3640 


3762 


121 


358 


3883 


4004 


4126 


4247 


4368 


4489 


4610 


4731 


4852 


4973 


121 


359 


5094 


5215 


5336 


5457 


5578 


5699 


5820 


5940 


6061 


6182 


121 


360 


55 6303 


55 6423 


556544 


55 6664 


55 6785 


556905 


55 7026 


55 7146 


55 7267 


55 7387 


120 


361 


7507 


7627 


7748 


7868 


7988 


8108 


8228 


8349 


8469 


8589 


120 


362 


8709 


8829 


8948 


9068 


9188 


9308 


9428 


9548 


9667 


9787 


120 


363 


9907 


560026 


56 0146 


56 0265 


56 0385 


560504 


560624 


56 0743 


560863 


560982 


119 


364 


56 IIOI 


1221 


1340 


1459 


1578 


1698 


1817 


1936 


2055 


2174 


119 


365 


56 2293 


562412 


562531 


56 2650 


562769 


56 2887 


563006 


563125 


563244 


56 3362 


119 


366 


3481 


3600 


37»8 


3837 


3955 


4074 


4192 


43" 


4429 


4548 


119 


367 


4666 


4784 


4903 


5021 


5139 


5257 


5376 


5494 


5612 


5730 


118 


368 


5848 


5966 


6084 


6202 


6320 


6437 


6555 


6673 


6791 


6909 


118 


369 


7026 


7144 


7262 


7379 


7497 


7614 


7732 


7849 


7967 


8084 


118 


370 


56 8202 


568319 


56 8436 


56 8554 


568671 


56 8788 


568905 


569023 


56 9140 


56 9257 


117 


371 


9374 


9491 


9608 


9725 


9842 


9959 


570076 


570193 


570309 


570426 


117 


372 


57 0543 


570660 


57 0776 


570893 


57 lOIO 


57 1 1 26 


1243 


1359 


1476 


1592 


117 


373 


1709 


1825 


1942 


2058 


2174 


2291 


2407 


2523 


2639 


2755 


116 


374 


2872 


2988 


3104 


3220 


3336 


3452 


3568 


3684 


3800 


3915 


116 


375 


57 4031 


57 4147 


574263 


57 4379 


57 4494 


574610 


57 4726 


57 4841 


57 4957 


57 5072 


116 


376 


5188 


5303 


5419 


5534 


5650 


5765 


5880 


5996 


6111 


6226 


"5 


377 


6341 


6457 


6572 


6687 


6802 


6917 


7032 


7147 


7262 


7377 


"5 


378 


7492 


7607 


7722 


7836 


7951 


8066 


8181 


8295 


8410 


8525 


"5 


379 


8639 


8754 


8868 


8983 


9097 


9212 


9326 


9441 


9555 


9669 


114 


380 


57 9784 


57 9898 


58ooi;2 


580126 


58 0241 


580355 


58 0469 


58 0583 


580697 


58 081 1 


114 


381 


58 0925 


58 1039 


"53 


1267 


1381 


1495 


1608 


1722 


1836 


1950 


114 


382 


2063 


2177 


2291 


2404 


2518 


2631 


2745 


2858 


2972 


3085 


114 


383 


3199 


3312 


3426 


3539 


3652 


3765 


3879 


3992 


4105 


4218 


"3 


384 


4331 


4444 


4557 


4670 


4783 


4896 


5009 


5122 


.5235 


5348 


"3 


385 


58 5461 


58 5574 


58 5686 


58 5799 


585912 


586024 


586137 


58 6250 


58 6362 


58 6475 


"3 


386 


6587 


6700 


6812 


6925 


7037 


7149 


7262 


7374. 


7486 


7599 


112 


387 


7711 


7823 


7935 


8047 


8160 


8272 


8384 


8496 


8608 


8720 


112 


388 


8832 


8944 


9056 


9167 


9279 


9391 


9503 


9615 


9726 


9838 


112 


389 


9950 


590061 


590173 


59 0284 


59 0396 


59 0507 


590619 


59 0730 


59 0842 


590953 


112 


390 


59 1065 


591176 


59 1287 


59 1399 


591510 


59 1621 


591732 


59 1843 


59 1955 


59 2066 


III 


391 


2177 


2288 


2399 


2510 


.2621 


2732 


2843 


2954 


3064 


3175 


III 


392 


3286 


3397 


3508 


3618 


3729 


3840 


3950 


4061 


4171 


4282 


III 


393 


4393 


4503 


4614 


4724 


4834 


4945 


5055 


5165 


5276 


5386 


no 


394 


5496 


5606 


5717 


5827 


5937 


6047 


6157 


6267 


6377 


6487 


no 


395 


59 6597 


59 6707 


596817 


59 6927 


59 7037 


59 7146 


59 7256 


59 7366 


59 7476 


59 7586 


no 


396 


7695 


7805 


7914 


8024 


8134 


8243 


8353 


8462 


8572 


8681 


no 


397 


8791 


8900 


9009 


9119 


9228 


9337 


9446 


9556 


9665 


9774 


109 


398 


9883 


9992 


600101 


600210 


600319 


600428 


600537 


600646 


600755 


60 0864 


IC9 


399 
N. 


600973 


60 1082 


1191 


1299 


1408 


1517 


1625 


1734 


1843 


1951 


109 
D. 
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3 


4 
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6 
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8 
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108 


602060 


602169 


602277 


602386 


602494 


602603 


60 271 1 


602819 


602928 


603036 


401 


3144 


3253 


3361 


3469 


3577 


3686 


3794 


3902 


4010 


4118 


108 


402 


4226 


4334 


4442 


4550 


4658 


4766 


4874 


4982 


5089 


5197 


108 


403 


5305 


5413 


5521 


5628 


5736 


5844 


5951 


6059 


6166 


6274 


108 


404 


6381 


6489 


6596 


6704 


681 1 


6919 


7026 


7133 


7241 


7348 


107 


405 


607455 


607562 


607669 


607777 


607884 


607991 


608098 


608205 


608312 


608419 


107 


406 


8526 


8633 


8740 


8847 


8954 


9061 


9167 


9274 


9381 


9488 


107 


407 


9594 


9701 


9808 


9^14 


61 0021 


61 0128 


610234 


61 0341 


61 0447 


61 0554 


107 


408 


61 0660 


61 0767 


61 0873 


61 0979 


1086 


1192 


1298 


1405 


1511 


1617 


106 


409 


1723 


1829 


1936 


2042 


2148 


2254 


2360 


2466 


2572 


2678 


106 


410 


61 2784 


61 2890 


61 2996 


61 3102 


61 3207 


61 3313 


61 3419 


61 3525 


61 3630 


61 3736 


106 


411 


3842 


3947 


4053 


4159 


4264 


4370 


4475 


4581 


4686 


4792 


106 


412 


4897 


5003 


5108 


5213 


5319 


5424 


5529 


5634 


5740 


5845 


105 


413 


5950 


6055 


6160 


6265 


6370 


6476 


6581 


6686 


6790 


6895 


105 


414 


7000 


7105 


7210 


7315 


7420 


7525 


7629 


7734 


7839 


7943 


105 


415 


61 8048- 


61 8153 


61 8257 


6i 8362 


618466 


61 8571 


61 8676 


618780 


61 8884 


61 8989 


105 


416 


9093 


9198 


9302 


9406 


951 1 


9615 


9719 


9824 


9928 


620032 


104 


417 


620136 


62 0240 


620344 


620448 


620552 


62 0656 


62 0760 


62 0864 


62 0968 


1072 


104 


418 


1176 


1280 


1384 


1488 


^592 


1695 


1799 


1903 


2007 


21 10 


104 


419 


2214 


2318 


2421 


2525 


2628 


2732 


2835 


2939 


3042 


3146 


104 


420 


62 3249 


62 3353 


623456 


62 3559 


62 3663 


62 3766 


62 3869 


62 3973 


62 4076 


624179 


103 


421 


4282 


4385 


4488 


4591 


4695 


4798 


4901 


5004 
0032 


5107 


§^'2 


103 


422 


5312 


5415 


5518 


5621 


5724 


5827 


5929 


6135 


6238 


103 


423 


6340 


6443 


6546 


6648 


6751 


6853 


6956 


7058 


7161 


7263 


103 


424 


7366 


7468 


7571 


7673 


7775 


7878 


7980 


8082 


8185 


8287 


102 


425 


62 8389 


62 8491 


62 8593 


628695 


62 8797 


628900 


629002 


62 9104 


62 9206 


62 9308 


102 


426 


9410 


9512 


9613 


9715 


9817 


9919 


630021 


630123 


63 0224 


63 0326 


102 


427 


63 0428 


63 0530 


630631 


63 0733 


630835 


630936 


1038 


1139 


1 241 


1342 


102 


428 


1444 


1545 


1647 


1748 


1849 


1951 


2052 


2153 


2255 


2356 


lOI 


429 


2457 


2559 


2660 


2761 


2862 


2963 


3064 


3165 


3266 


3367 


lOI 


430 


63 3468 


633569 


63 3670 


633771 


63 3872 


63 3973 


63 4074 


634175 


63 4276 


63 4376 


lOI 


431 


4477 


4578 


4679 


4779 


4880 


4981 


5081 


5182 


5283 


5383 


lOI 


432 


5484 


5584 


5685 


5785 


5886 


5986 


6087 


6187 


6287 


6388 


100 


433 


6488 


6588 


6688 


6789 


6889 


6989 


7089 


7189 


7290 


7390 


100 


434 


7490 


7590 


7690 


7790 


7890 


7990 


8090 


8190 


8290 


8389 


100 


435 


63 8489 


63 8589 


63 8689 


63 8789 


63 8888 


63 8988 


639088 


63 9188 


63 9287 


63 9387 


100 


43§ 


9486 


9586 


9686 


9785 


9885 


9984 


640084 


640183 


64 0283 


64.0382 


99 


437 


64 0481 


640581 


640680 


640779 


64 0879 


640978 


1077 


1177 


1276 


1375 


99 


438 


1474 


1573 


1672 


1771 


1871 


1970 


2069 


2168 


2267 


2366 


99 


439 


2465 


2563 


2662 


2761 


2860 


2959 


3058 


3156 


3255 


3354 


99 


440 


643453 


643551 


64 3650 


64 3749 


64 3847 


64 3946 


644044 


644143 


644242 


644340 


98 


441 


4439 


4537 


4636 


4734 


4832 


4931 


5029 


5127 


5226 


5324 


98 


442 


5422 


5521 


5619 


5717 


5815 


5913 


6011 


61 10 


6208 


6306 


98 


443 


6404 


6502 


6600 


6698 


6796 


6894 


6992 


7089 


7187 


7285 


98 


444 


7383 


7481 


7579 


7676 


7774 


7872 


7969 


8067 


8165 


8262 


98 


445 


648360 


64 8458 


64 8555 


64 8653 


64 8750 


64 8848 


64 8945 


649043 


649140 


64 9237 


97 


446 


9335 


9432 


9530 


9627 


9724 


9821 


9919 


650016 


65 01 13 


650210 


97 


447 


65 0308 


65 0405 


65 0502 


65 0599 


65 0696 


65 0793 


650896 


0987 


1084 


1181 


97 


448 


1278 


1375 


1472 


1569 


1666 


1762 


^In 


1956 


2053 


2150 


97 


449 


2246 


2343 


2440 


2536 


2633 


2730 


2826 


2923 


3019 


3116 


97 


450 


653213 


653309 


65 3405 


65 3502 


65 3598 


65 3695 


65 3791 


65 3888 


65 3984 


65 4080 


96 


451 


4177 


4273 


4369 


4465 


4562 


4658 


4754 


4850 


4946 


5042 


96 


452 


5138 


5235 


5331 


5427 


5523 


5619 


5715 


5810 


5906 


6002 


96 


453 


6098 


6194 


6290 


6386 


6482 


6577 


6673 


6769 


6864 


6960 


96 


454 


7056 


7152 


7247 


7343 


7438 


7534 


7629 


7725 


7820 


7916 


96 


455 


65 801 1 


65 8107 


65 8202 


65 8298 


65 8393 


65 8488 


65 8584 


65 8679 


65 8774 


65 8870 


95 


456 


8965 


9060 


9155 


9250 


9346 


9441 


9536 


9631 


9726 


9821 


95 


457 


9916 


66 001 1 


66 0106 


660201 


66 0296 


660391 


660486 


660581 


66 0676 


660771 


95 


458 


66 0865 


0960 


1055 


1 150 


1245 


1339 


1434 


. 1529 


1623 


1718 


95 


459 
N. 


1813 


1907 


2002 


2096 


2191 


2286 


2380 


2475 


2569 


2663 


95 
D. 
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1 


2 


3 


4 


6 


6 


7 


8 


9 


D. 

94 


66 2758 


66 2852 


662947 


66 3041 


663135 


66 3230 


663324 


663418 


663512 


663607 


46 z 


3701 


3795 


3889 


3983 


4078 


4172 


4266 


4360 


4454 


4548 


94 


462 


4642 


4736 


4830 


4924 


5018 


5112 


5206 


5299 


5393 


5487 


94 


463 


5581 


5675 


5769 


5862 


5956 


6050 


6143 


6237 


6331 


6424 


94 


464 


6518 


6612 


6705 


6799 


6892 


6986 


7079 


7173 


7266 


7360 


94 


465 


66 7453 


667546 


667640 


66 7733 


667826 


667920 


668013 


668106 


668199 


668293 


93 


466 


8386 


8479 


8572 


8665 


8759 


8852 


8945 


9038 


9131 


9224 


93 


467 


9317 


9410 


9503 


9596 


9689 


9782 


9875 


9967 


670060 


670153 
1080 


93 


468 


670246 


67 0339 


670431 


670524 


670617 


67 0710 


670802 


670895 


0988 


93 


469 


"73 


1265 


1358 


1451 


1543 


1636 


1728 


1821 


1913 


2005 


93 


470 


67 2098 


672190 


67 2283 


67 2375 


672467 


672560 


67 2652 


672744 


67 2836 


67 2929 


92 


471 


3021 


3"3 


3205 


3297 


3390 


3482 


3574 


3666 


3758 


3850 


92 


472 


3942 


4034 


4126 


4218 


4310 


4402 


4494 


4586 


. 4677 


4769 


92 


473 


4861 


4953 


5045 


5137 


5228 


5320 


5412 


5503 


5595 


5687 


92 


474 


5778 


5870 


5962 


6053 


6145 


6236 


6328 


6419 


651 1 


6602 


92 


475 


676694 


67 6785 


67 6876 


676968 


67 7059 


677151 


677242 


67 7333 


677424 


677516 


91 


476 


7607 


7698 


7789 


7881 


7972 


8063 


8154 


8245 


8336 


8427 


91 


477 


8518 


8609 


8700 


8791 


8882 


8973 


9064 


9155 


9246 


9337 


91 


478 


942^ 


9519 


9610 


9700 


9791 


9882 


9973 


680063 


680154 


68 0245 


91 


479 


68 0336 


68 0426 


680517 


680607 


680698 


680789 


680879 


0970 


1060 


115" 


91 


480 


68 1241 


68 1332 


68 1422 


68 1513 


681603 


681693 


68 1784 


681874 


681964 


68 2055 


90 


481 


2145 


2235 


2326 


2416 


2506 


2596 


2686 


2777 


2867 


2957 


90 


482 


3047 


3137 


3227 


3317 


3407 


3497 


3587 


3677 


3767 


3857 


90 


483 


3947 


4037 


4127 


4217 


4307 


4396 


4486 


4576 


4666 


4756 


90 


484 


4845 


4935 


5025 


5114 


5204 


5294 


5383 


5473 


5563 


5652 


90 


485 


68 5742 


68 5831 


68 5921 


686010 


686100 


686189 


68 6279 


68 6368 


68 6458 


68 6547 


89 


486 


6636 


6726 


6815 


6904 


6994 


7083 


7172 


7261 


7351 


7440 


89 


487 


7529 


7618 


7707 


7796 


7886 


7975 


8064 


8153 


8242 


8331 


89 


488 


8420 


8509 


8598 


8687 


8776 


8865 


8953 


9042 


9131 


9220 


89 


489 


9309 


9398 


9486 


9575 


9664 


9753 


9841 


9930 


690019 


690107 


89 


490 


690196 


690285 


690373 


690462 


690550 


690639 


690728 


690816 


690905 


690993 


89 


491 


1081 


1170 


1258 


1347 


1435 


1524 


1612 


1700 


1789 


1877 


88 


492 


1965 


2053 


2142 


2230 


2318 


2406 


2494 


2583 


2671 


2759 


88 


493 


2847 


2935 


3023 


3111 


3199 


3287 


3375 


3463 


3551 


3639 


88 


494 


3727 


3815 


3903 


3991 


4078 


4166 


4254 


4342 


4430 


4517 


88 


495 


694605 


694693 


694781 


694868 


694956 


695044 


695131 


695219 


69 5307 


695394 


88 


496 


5482 


5569 


5657 


5744 


583^ 


5919 


6007 


6094 


6182 


6269 


87 


497 


6356 


6444 


6531 


6618 


6706 


6793 


6880 


6968 


7055 


7142 


87 


498 


7229 


7317 


7404 


7491 


7578 


7665 


7752 


7839 


7926 


8014 


87 


499 


8101 


8188 


8275 


8362 


8449 


8535 


8622 


8709 


8796 


8883 


87 


500 


698970 


699057 


699144 


699231 


699317 


699404 


699491 


699578 


699664 


699751 


87 


501 


9838 


9924 


70 001 1 


700098 


700184 


700271 


70 0358 


700444 


700531 


700617 


87 


502 


70 0704 


700790 


0877 


0963 


1050 


1136 


1222 


1309 


1395 


1482 


86 


503 


1568 


1654 


1 741 


1827 


1913 


1999 


2086 


2172 


2258 


•2344 


86 


504 


2431 


2517 


2603 


2689 


2775 


2861 


2947 


3033 


3119 


3205 


86 


505 


70 3291 


70 3377 


70 3463 


70 3549 


70 3635 


70 3721 


703807 


70 3893 


70 3979 


704065 


86 


506 


4151 


4236 


4322 


4408 


4494 


4579 


4665 


4751 


4837 


4922 


86 


507 


5008 


5094 


5179 


5265 


5350 


5436 


5522 


5607 


5693 


5778 


86 


508 


5864 


5949 


6035 


6120 


6206 


6291 


6376 


6462 


6547 


6632 


85 


509 


6718 


6803 


6888 


6974 


7059 


7144 


7229 


7315 


7400 


7485 


85 


510 


70 7570 


70 7655 


70 7740 


70 7826 


70 791 1 


70 7996 


708081 


70 8166 


708251 


70 8336 


85 


5" 


8421 


8506 


8591 


8676 


8761 


8846 


8931 


9?i5 


9100 


9185 


f5 


512 


9270 


9355 


9440 


9524 


9609 


9694 


9779 


9863 


9948 


710033 


^5 


513 


71 0117 


71 0202 


71 0287 


71 0371 


71 0456 


71 0540 


71 0625 


71 0710 


71 0794 


0879 


^5 


514 


0963 


1048 


1132 


1217 


1 301 


1385 


1470 


1554 


1639 


1723 


84 


515 


71 1807 


71 1892 


71 1976 


71 2060 


71 2144 


71 2229 


71 23^3 


71 2397 


71 2481 


71 2566 


84 


516 


2650 


2734 


2818 


2902 


2986 


3070 


3154 


3238 


3323 


3407 


84 


517 


3491 


3575 


3659 


3742 


3826 


3910 


3994 


4078 


4162 


4246 


84 


518 


4330 


4414 


4497 


4581 


4665 


4749 


4833 


4916 


5000 


5084 


84 


519 

N. 


5167 


5251 


5335 


5418 


5502 


5586 


5669 


5753 


5836 


5920 


84 
D. 
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LOGARITHMS OF NUMBERS. 



N. 
520 





1 


2 


3 


4 


6 


6 


7 


8 


9 


D. 

83 


71 6003 


71 6087 


71 6170 


71 6254 


71 6337 


71 6421 


71 6504 


71 6588 


71 6671 


71 6754 


521 


6838 


6921 


7004 


7088 


7171 


7254 


7338 


7421 


7504 


7587 


83 


522 


7671 


7754 


7837 


7920 


8003 


8086 


8169 


8253 


8336 


8419 


83 


523 


8502 


8585 


8668 


8751 
9580 


8834 


8917 


9000 


9083 


9165 


9248 


83 


524 


9331 


9414 


9497 


9663 


9745 


9828 


991 1 


9994 


720077 


83 


525 


720159 


72 0242 


72 0325 


72 0407 


720490 


720573 


72 0655 


72 0738 


720821 


720903 


83 


526 


0986 


1068 


1151 


1233 


1316 


1398 


1481 


1563 


1646 


1723 


82 


527 


1811 


1893 


1975 


2058 


2140 


2222 


2305 


2387 


2469 


2552 


82 


528 


2634 


2716 


2798 


2881 


2963 


3045 


3127 


3209 


3291 


3374 


82 


529 


3456 


3538 


3620 


3702 


3784 


3866 


3948 


4030 


4112 


4194 


82 


530 


72 4276 


72 4358 


724440 


724522 


724604 


72 4685 


72 4767 


72 4849 


724931 


72 5013 


82 


531 


5095 


5176 


5258 


5340 


5422 


5503 


5585 


5667 


5748 


5830 


82 


532 


5912 


5993 


6075 


6156 


6238 


6320 


6401 


6483 


6564 


6646 


82 


533 


6727 


6809 


6890 


6972 


7053 


7134 


7216 


7297 


7379 


7460 


81 


534 


7541 


7623 


7704 


7785 


7866 


7948 


8029 


8110 


8191 


8273 


81 


535 


72 8354 


72 8435 


728516 


72 8597 


72 8678 


72 8759 


72 8841 


72 8922 


729003 


729084 


81 


536 


9165 


9246 


9327 


9408 


9489 


9570 


9651 


9732 


9813 


9893 


81 


537 


9974 


730055 


730136 


730217 


73 0298 


73 0378 


73 0459 


73 0540 


730621 


73 0702 


81 


538 


73 0782 


0863 


0944 


1024 


1 105 


1 186 


1266 


1347 


1428 


1508 


81 


539 


1589 


1669 


1750 


1830 


1911 


1991 


2072 


2152 


2233 


2313 


81 


540 


73 2394 


73 2474 


73 2555 


73 2635 


732715 


73 2796 


73 2876 


73 2956 


73 3037 


73 3"7 


80 


541 


3197 


3278 


3358 


3438 


3518 


3598 


3679 


3759 


3839 


3919 


80 


542 


3999 


4079 


4160 


4240 


4320 


4400 


4480 


4560 


4640 


4720 


80 


543 


4800 


4880 


4960 


5040 


5120 


5200 


5279 


5359 


5439 


5519 


80 


544 


5599 


5679 


5759 


5838 


5918 


5998 


6078 


6157 


6237 


6317 


80 


545 


73 6397 


73 6476 


73 6556 


73 6635 


736715 


73 6795 


73 6874 


73 6954 


737034 


73 7"3 


80 


546 


7193 


7272 


7352 


7431 
8225 


7511 


7590 


7670 


7749 


7829 


7908 


79 


547 


7987 


8067 


8146 


8305 


8384 


8463 


8543 


8622 


8701 


79 


548 


8781 


8860 


8939 


9018 


9097 


9177 


9256 


9335 


9414 


9493 


79 


549 


9572 


9651 


9731 


9810 


9889 


9968 


740047 


740126 


74 0205 


74 0284 


79 


550 


74 0363 


740442 


740521 


740600 


74 0678 


740757 


740836 


74 0915 


740994 


74 1073 


79 


551 


1152 


1230 


1309 


1388 


1467 


1546 


1624 


1703 


1782 


i860 


79 


552 


1939 


2018 


2096 


2175 


2254 


2332 


241 1 


2489 


2568 


2647 


79 


553 


2725 


2804 


2882 


2961 


3039 


3"8 


3196 


3275 


3353 


3431 


78 


554 


3510 


3588 


3667 


3745 


3823 


3902 


3980 


4058 


4136 


4215 


78 


555 


74 4293 


74 437* 


74 4449 


74 4528 


744606 


74 4684 


74 4762 


74 4840 


744919 


74 4997 


78 


556 


5075 


5153 


5231 


5309 


5387 


5465 


5543 


5621 


5699 


5777 


7! 


557 


5855 


5933 


6011 


6089 


6167 


6245 


6323 


6401 


6479 


6556 


7? 


558 


6634 


6712 


6790 


6868 


6945 


7023 


7101 


7179 


7256 


7334 


78 


559 


7412 


7489 


7567 


7645 


7722 


7800 


7878 


7955 


8033 


81 10 


78 


560 


748188 


74 8266 


74 8343 


74 8421 


74 8498 


74 8576 


74 8653 


74 8731 


748808 


74 8885 


77 


561 


8963 


9040 


9118 


9'?5 


9272 


9350 


9427 


9504 


9582 


9659 


77 


562 


9736 


9814 


9891 


9968 


750045 


750123 


75 0200 


75 0277 


75 0354 


750431 


77 


563 


75 0508 


75 0586 


75 0663 


75 0740 


0817 


0894 


0971 


1048 


1 125 


1202 


77 


564 


1279 


1356 


1433 


1510 


1587 


1664 


1 741 


1818 


1895 


1972 


77 


565 


752048 


75 2125 


75 2202 


75 2279 


75 2356 


752433 


752509 


75 2586 


752663 


75 2740 


77 


566 


2816 


2893 


2970 


3047 


3123 


3200 


3277 


3353 


3430 


3506 


77 


567 


3583 


3660 


3736 


3813 


3889 


3966 


4042 


4119 


4195 


4272 


77 


568 


4348 


4425 


4501 


4578 


4654 


4730 


4807 


4883 


4960 


5036 


7^ 


569 


5112 


5189 


5265 


5341 


5417 


5494 


5570 


5646 


5722 


5799 


76 


570 


75 5875 


755951 


756027 


75 6103 


756180 


75 6256 


75 6332 


75 6408 


75 6484 


756560 


76 


571 


6636 


6712 


6788 


6864 


6940 


7016 


7092 


7168 


7244 


7320 


76 


572 


7396 


7472 


7548 


7624 


7700 


7775 


7851 


7927 


8003 


8079 


76 


573 


8155 


8230 


8306 


8382 


8458 


8533 


8609 


8685 


8761 


8836 


76 


574 


8912 


8988 


9063 


9139 


9214 


9290 


9366 


9441 


9517 


9592 


76 


575 


75 9668 


75 9743 


75 9819 


75 9894 


75 9970 


760045 


760121 


760196 


76 0272 


760347 


75 


576 


76 0422 


76 0498 


760573 


76 0649 


76 0724 


0799 


0875 


0950 


1025 


IIOI 


75 


577 


1176 


1251 


1326 


1402 


1477 


1552 


1627 


1702 


1778 


1853 


75 


578 


1928 


2003 


2078 


2153 


2228 


2303 


2378 


2453 


2529 


2604 


75 


579 

N. 


2679 


2754 


2829 


2904 


2978 


3053 


3128 


3203 


3278 


3353 


75 
D. 





1 


2 


3 


4 


5 


6 


7 


8 


9 



,/" 



/ 



10 



LOGARITHMS OF NUMBERS. 



N. 
580 





1 


2 


3 


4 


6 


6 


7 


8 


9 


D. 

75 


76 3428 


76 3503 


76 3578 


76 3653 


763727 


763802 


763877 7639521764027 


764101 


581 


4176 


4251 


4326 


4400 


4475 


4550 


4624 j 4699 


4774 


4848 


75 


582 


4923 


4998 


5072 


5M7 


5221 


5296 


5370 


5445 


5520 


5594 


75 


583 


5669 


5743 


5818 


5892 


5966 


6041 


6115 


6190 


6264 


6338 


74 


584 


6413 


6487 


6562 


6636 


6710 


6785 


6859 


6933 


7007 


7082 


74 


585 


767156 


767230 767304 


76 7379 


76 7453 


76 7527 


767601 


76 7675 


76 7749 


76 7823 


74 


586 


7898 


7972 


8046 


8120 


8194 


8268 


8342 


8416 


8490 


8564 


74 


587 


8638 


8712 


8786 


8860 


8934 


9008 


9082 


9156 


9230 


9303 


74 


538 


9377 


9451 


9525 


9599 


9673 


9746 


9820 


9894 


9968 


770042 


74 


589 


770115 


770189 


77 0263 


77 033^ 


77 0410 


77 0484 


770557 


770631 


77 0705 


0778 


74 


590 


77 0852 


77 0926 


770999 


77 1073 


77 "46 


77 1220 


771293 


77 '367 


771440 


771514 


74 


591 


1587 


1 661 


1734 


1808 


1881 


1955 


2028 


2102 


2175 


2248 


73 


592 


2322 


2395 


2468 


2542 


2615 


2688 


2762 


2835 


2908 


2981 


73 


593 


3055 


3128 


3201 


3274 


3348 


3421 


3494 


3567 


3640 


3713 


73 


594 


3786 


3860 


3933 


4006 


4079 


4152 


4225 


4298 


4371 


4444 


73 


595 


77 45<7 


77 4590 


77 4663 


77 4736 


774809 


774882 


77 4955 


77 5028 


775100 


775173 


73 


596 


5246 


5319 


5392 


5465 


5538 


5610 


5683 


5756 


5829 


5902 


73 


597 


5974 


6047 


6120 


6193 


6265 


6338 


641 1 


6483 


6556 


6629 


73 


598 


6701 


6774 


6846 


6919 


6992 


7064 


7137 


7209 


7282 


7354 


73 


599 


7427 


7499 


7572 


7644 


7717 


7789 


7862 


7934 


8006 


8079 


72 


600 


77?i5i 


77 8224 


77 8296 


77 8368 


77 8441 


778513 


77 8585 


77 8658 


77 8730 


778802 


72 


601 


8874 


8947 


9019 


9091 


9163 


9236 


9308 


9380 


9452 


9524 


72 


60 2 


9596 


9669 


9741 


9813 


9885 


9957 


780029 


780101 


780173 


780245 


72 


603 


780317 


78 0389 


78 0461 


78 0533 


780605 


78 0677 


0749 


0821 


0893 


0965 


72 


604 


1037 


1 109 


1181 


1253 


1324 


1396 


1468 


1540 


1612 


X684 


72 


605 


781755 


78 1827 


78 1899 


78 1971 


78 2042 


78 21 14 


782186 


78 2258 


78 2329 


782401 


72 


606 


2473 


2544 


2616 


2688 


2759 


2831 


2902 


2974 


3046 


3117 


72 


607 


3189 


3260 


3332 


3403 


3475 


3546 


3618 


3689 


3761 


3832 


71 


608 


3904 


3975 


4046 


41 18 


4189 


4261 


4332 


4403 


4475 


4546 


71 


609 


4617 


4689 


4760 


4831 


4902 


4974 


5045 


5116 


5187 


5259 


71 


610 


78 5330 


78 5401 


78 5472 


78 5543 


785615 


78 5686 


785757 


78 5828 


785899 


78 5970 


71 


611 


6041 


6112 


6183 


6254 


6325 


6396 


6467 


6538 


6609 


6680 


71 


612 


6751 


6822 


6893 


6964 


7035 


7106 


7177 


7248 


7319 


7390 


71 


613 


7460 


7531 


7602 


7673 


7744 


7815 


7885 


7956 


8027 


8098 


71 


614 


8168 


8239 


8310 


8381 


8451 


8522 


8593 


8663 


8734 


8804 


71 


615 


78 8875 


78 8946 


789016 


789087 


789157 


78 9228 


78 9299 


78 9369 


789440 


789510 


71 


616 


9581 


9651 


9722 


9792 


9863 


9933 


790004 


790074 


790144 


790215 


70 


617 


79 0285 


79 0356 


79 0426 


79 0496 


79 0567 


79 0637 


0707 


0778 


0848 


0918 


70 


618 


0988 


1059 


1 1 29 


1 199 


1269 


1340 


1410 


1480 


1550 


1620 


70 


6ig 


1691 


1761 


1831 


1901 


1971 


2041 


2111 


2181 


2252 


2322 


70 


620 


79 2392 


79 2462 


79 2532 


79 2602 


79 2672 


79 2742 


792812 


79 2882 


79 2952 


79 3022 


70 


621 


3092 


3162 


3231 


3301 


3371 


3441 


35" 


3581 


3651 


3721 


70 


622 


3790 


3860 


3930 


4000 


4070 


4139 


4209 


4279 


4349 


4418 


70 


623 


4488 


4558 


4627 


4697 


4767 


4836 


4906 


4976 


5045 


5"5 


70 


624 


5185 


5254 


5324 


5393 


5463 


5532 


5602 


5672 


5741 


581 1 


70 


625 


79 5880 


79 5949 


796019 


796088 


796158 


79 6227 


79 6297 


79 6366 


79 6436 


79 6505 


69 


626 


6574 


664^ 


6713 


6782 


6852 


6921 


69Q0 


7060 


7129 


7198 


69 


627 


7268 


7337 


7406 


7475 


7545 


7614 


7683 


7752 


7821 


7890 


69 


628 


7960 


8029 


8098 


8167 


8236 


8305 


8374 


8443 


8513 


8582 


69 


629 


8651 


8720 


8789 


8858 


8927 


8996 


9065 


9134 


9203 


9272 


69 


630 


799341 


79 9409 


79 9478 


79 9547 


799616 


79 9685 


79 9754 


79 9823 


79 9892 


79 9961 


69 


631 


800029 


800098 


800167 


800236 


800305 


800373 


800442 


80 051 1 


800580 


800648 


69 


632 


0717 


0786 


0854 


0923 


0992 


106 1 


1 129 


1 198 


1266 


1335 


69 


633 


1404 


1472 


1541 


1609 


1678 


J 747 


1815 


1884 


1952 


2021 


69 


634 


2089 


2158 


2226 


2295 


2363 


2432 


2500 


2568 


2637 


2705 


68 


635 


802774 


80 2842 


802910 


802979 


803047 


80 31 16 


803184 


803252 


803321 


803389 


68 


636 


3457 


3525 


3594 


3662 


3730 


3798 


3867 


3935 


4003 


4071 


68 


637 


4139 


4208 


4276 


4344 


4412 


4480 


4548 


4616 


4685 


4753 


68 


638 


4821 


4889 


4957 


5025 


5093 


5161 


5229 


5297 


5365 


5433 


68 


639 

N. 


5501 


5569 


5637 


5705 


5773 


5841 


5908 


5976 


6044 


6112 


68 
D. 
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1 


2 


3 


4 


6 


6 


7 


8 


9 


D. 

68 


640 


806180 


806248 


806316 


806384 


806451 


So 6519 


806587 


806655 


806723 


806790 


641 


6858 


6926 


6994 


7061 


7129 


7197 


7264 


7332 


7400 


7467 


68 


642 


7535 


7603 


7670 


7738 


7806 


7873 


7941 


8008 


8076 


8143 


68 


643 


821 1 


8279 


8346 


8414 


8481 


8549 


8616 


8684 


8751 


8818 


67 


644 


8886 


8953 


9021 


9088 


9156 


9223 


9290 


9358 


9425 


9492 


67 


645 


809560 


809627 


809694 


809762 


809829 


809896 


809964 


81 0031 


810098 


81 0165 


67 


646 


81 0233 


81 0300 


81 0367 


810434 


81 0501 


81 0569 


81 0636 


0703 


0770 


0837 


67 


647 


0904 


0971 


1039 


1 106 


"73 


1240 


1307 


1374 


1441 


1508 


67 


648 


1575 


1642 


1709 


1776 


1843 


1910 


1977 


2044 


2111 


2178 


67 


649 


2245 


2312 


2379 


2445 


2512 


2579 


2646 


2713 


2780 


2847 


67 


650 


81 2913 


81 2980 


81 3047 


813114 


81 3181 


813247 


81 3314 


81 3381 


813448 


81 3514 


67 


651 


3581 


3648 


3714 


3781 


3848 


3914 


3981 


4048 


4114 


4181 


67 


652 


4248 


4314 


4381 


4447 


4514 


4581 


4647 


4714 


4780 


4847 


67 


653 


4913 


4980 


5046 


5"3 


5179 


5246 


5312 


5378 


5445 


5511 


66 


654 


5578 


5644 


5711 


5777 


5843 


5910 


5976 


6042 


6109 


6175 


66 


655 


81 6241 


81 6308 


81 6374 


81 6440 


816506 


81 6573 


81 6639 


81 6705 


81 6771 


81 6838 


66 


656 


6904 


6970 


7036 


7102 


7169 


7235 


7301 


7367 


7433 


7499 


66 


657 


7565 


7631 


7698 


7764 


7830 


7896 


7962 


8028 


8094 


8160 


66 


658 


8226 


8292 


8358 


8424 


8490 


8556 


8622 


8688 


8754 


8820 


66 


659 


8885 


8951 


9017 


9083 


9149 


9215 


9281 


9346 


9412 


9478 


66 


660 


819544 


8i 9610 


81 9676 


81 9741 


819807 


81 9873 


81 9939 


820004 


820070 


820136 


66 


661 


82 0201 


82 0267 


82 0333 


82 0399 


82 0464 


82 0530 


82 0595 


0661 


0727 


0792 


66 


662 


0858 


0924 


0989 


1055 


1 120 


1 186 


1251 


1317 


1382 


1448 


66 


663 


1514 


1579 


1645 


1710 


1775 


1 841 


1906 


1972 


2037 


2103 


65 


664 


2168 


2233 


2299 


2364 


2430 


2495 


2560 


2626 


2691 


2756 


65 


665 


82 2822 


82 2887 


82 2952 


82 3018 


82 3083 


823148 


823213 


82 3279 ' 82 3344 


823409 


65 


666 


3474 


3539 


3605 


3670 


3735 


3800 


3865 


3930 


3996 


4061 


65 


667 


4126 


4191 


4256 


4321 


4386 


4451 


4516 


4581 


4646 


471 1 


65 


668 


4776 


4841 


4906 


4971 


5036 


5101 


5166 


5231 


5296 


5361 


65 


669 


5426 


5491 


5556 


5621 


5686 


5751 


5815 


5880 


5945 


6010 


65 


670 


826075 


82 6140 


82 6204 


826269 


826334 


826399 


82 6464 


82 6528 


82 6593 


82 6658 


65 


671 


6723 


6787 


6852 


6917 


6981 


7046 


7111 


7175 


7240 


7305 


65 


672 


7369 


7434 


7499 


7563 


7628 


7692 


7757 


7821 


7886 


7951 


65 


673 


8015 


8080 


8144 


8209 


8273 


8338 


8402 


8467 


8531 


8595 


64 


674 


8660 


8724 


8789 


8853 


8918 


8982 


9046 


9111 


9175 


9239 


64 


675 


82 9304 


82 9368 


82 9432 


82 9497 


82 9561 


82 9625 


829690 


82 9754 


829818 


82 9882 


64 


676 


9947 


83 001 1 


830075 


830139 


83 0204 


83 0268 


S3 0332 


83 0396 


830460 


83 0525 


64 


677 


83 0589 


0653 


0717 


0781 


0845 


0909 


0973 


1037 


1 102 


1 166 


64 


678 


1230 


1294 


1358 


1422 


i486 


1550 


1614 


1678 


1742 


1806 


64 


679 


1870 


1934 


1998 


2062 


2126 


2189 


2253 


2317 


2381 


2445 


64 


680 


832509 


83 2573 


83 2637 


832700 


83 2764 


83 2828 


83 2892 


83 2956 


83 3020 


83 3083 


64 


681 


3147 


3211 


3275 


3338 


3402 


3466 


3530 


3593 


3657 


3721 


64 


682 


3784 


3848 


3912 


3975 


4039 


4103 


4166 


4230 


4294 


4357 


64 


683 


4421 


4484 


4548 


461 1 


4675 


4739 


4802 


4866 


4929 


4993 


64 


684 


5056 


5120 


5183 


5247 


5310 


5373 


5437 


5500 


5564 


5627 


63 


685 


83 5691 


83 5754 


835817 


83 5881 


835944 


836007 


836071 


83 6134 


836197 


83 6261 


63 


686 


6324 


6387 


6451 


6514 


6577 


6641 


6704 


6767 


6830 


6894 


63 


687 


6957 


7020 


7083 


7146 


7210 


7273 


7336 


7399 


7462 


7525 


63 


688 


7588 


7652 


7715 


7778 


7841 


7904 


7967 


8030 


8093 


8156 


63 


689 


8219 


8282 


8345 


8408 


8471 


8534 


8597 


8660 


8723 


8786 


63 


690 


S3 8849 


838912 


83 8975 


839038 


839101 


839164 


83 9227 


83 9289 


83 9352 


839415 


63 


691 


9478 


9541 


9604 


9667 


9729 


9792 


9855 


9918 


9981 


840043 


63 


692 


84 0106 


840169 


840232 


84 0294 


840357 


84 0420 


84 0482 


84 0545 


840608 


0671 


63 


693 


0733 


0796 


0859 


0921 


0984 


1046 


1 109 


1172 


1234 


1297 


63 


694 


1359 


1422 


1485 


1547 


1610 


1672 


1735 


1797 


i860 


1922 


63 


695 


841985 


84 2047 


84 21 10 


842172 


84 2235 


84 2297 


842360 


84 2422 


84 2484 


84 2547 


62 


696 


2609 


2672 


2734 


2796 


2859 


2921 


2983 


3046 


3108 


3170 


62 


697 


3233 


3295 


3357 


3420 


3482 


3544 


3606 


3669 


3731 


3793 


62 


698 


3855 


3918 


3980 


4042 


4104 


4166 


4229 


4291 


4353 


4415 


62 


699 

N. 


4477 


4539 


4601 


4664 


4726 
4 


4788 


4850 


4912 


4974 


5036 
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62 


845098 


845160 


845222 


845284 845346 


84 5408 


84 5470 


845532 


845594 


84 5656 


701 


5718 


5780 


5842 


5904 


5966 


6028 


6090 


6151 


6213 


6275 


62 


70a 


6337 


6399 


6461 


6523 


6585 


6646 


6708 


^770 


6832 


6894 


62 


703 


6955 


7017 


7079 


7141 


7202 


7264 


7326 


7388 


7449 
8066 


75" 


62 


704 


7573 


7634 


7696 


7758 


7819 


7881 


7943 


8004 


8128 


62 


705 


848189 


848251 


848312 


84 8374 


848435 


848497 


848559 


848620 


84 8682 


848743 


62 


706 


8805 


8866 


8928 


8989 


9051 


9112 


9174 


9235 


9297 


9358 


61 


707 


9419 


9481 


9542 


9604 


9665 


9726 


9788 


9849 


991 1 


9972 


61 


708 


850033 


850095 


850156 


850217 


85 0279 


85 0340 


85 0401 


85 0462 


85 0524 


85 0585 


61 


709 


0646 


0707 


0769 


0830 


0891 


0952 


1014 


1075 


1 136 


1 197 


61 


710 


85 1258 


851320 


85 1381 


851442 


85 1503 


85 1564 


85 1625 


85 1686 


85 1747 


851809 


61 


711 


1870 


1931 


1992 


2053 


2114 


2175 


2236 


2297 


2358 


2419 


61 


712 


2480 


2541 


2602 


2663 


2724 


2785 


2846 


2907 


2968 


3029 


61 


713 


3090 


3150 


321 1 


3^72 


3333 


3394 


3455 


3516 


3577 


3637 


61 


714 


3698 


3759 


3820 


3881 


3941 


4002 


4063 


4124 


4185 


4245 


61 


715 


85 4306 


85 4367 


854428 


854488 


85 4549 


85 4610 


85 4670 


85 4731 


85 4792 


85 4852 


61 


716 


4913 


4974 


5034 


5095 


5156 


5216 


5277 


5337 


5398 


5459 


61 


717 


5519 


5580 


5640 


5701 


5761 


5822 


5882 


5943 


6003 


6064 


61 


718 


6124 


6185 


6245 


6306 


6366 


6427 


6487 


6548 


6608 


6668 


60 


719 


6729 


6789 


6850 


6910 


6970 


7031 


7091 


7152 


7212 


7272 


60 


720 


85 7332 


85 7393 


85 7453 


857513 


85 7574 


857634 


857694 


85 7755 


85 7815 


85 7875 


60 


721 


7935 


7995 


8056 


8116 


8176 


8236 


8297 


8357 


8417 


8477 


60 


722 


8537 


8597 


8657 


8718 


8778 


8838 


8898 


8958 


9018 


9078 


60 


723 


9138 


9198 


9258 


9318 


9379 


9439 


9499 


9559 


9619 


9679 


60 


724 


9739 


9799 


9859 


9918 


9978 


860038 


860098 


860158 


860218 


86 0278 


60 


725 


86 0338 


860398 


860458 


860518 


860578 


86 0637 


86 0697 


860757 


860817 


860877 


60 


726 


0937 


0996 


1056 


1116 


1176 


1236 


1295 


1355 


1415 


H75 


60 


727 


1534 


1594 


1654 


1714 


1773 


1S33 


1893 


1952 


2012 


2072 


60 


728 


2131 


2191 


2251 


2310 2370 


2430 


2489 


2549 


2608 


2668 


60 


729 


2728 


2787 


2847 


2906 


2966 


3025 


3085 


3144 


3204 


3263 


60 


730 


86 3323 


86 3382 


863442 


86 3501 


86 3561 


863620 


863680 


86 3739 


86 3799 


86 3858 


59 


731 


3917 


3977 


4036 


4096 


4155 


4214 


4274 


4333 


4392 


4452 


59 


732 


451 1 


4570 


4630 


4689 


4748 


4808 


4867 


4926 


4985 


5045 


59 


733 


5104 


5163 


5222 


5282 


5341 


5400 


5459 


5519 


5578 


5^37 


59 


734 


5696 


5755 


5814 


5874 


5933 


5992 


6051 


61 10 


6169 


6228 


59 


735 


86 6287 


86 6346 


86 6405 


86 6465 


86 6524 


86 6583 


866642 


86 6701 


866760 


86 6819 


59 


736 


6878 


6937 


6996 


7055 


7114 


7173 


7232 


7291 


7350 


7409 


59 


737 


7467 


7526 


7585 


7644 


7703 


7762 


7821 


7880 


7939 


7998 


59 


738 


8056 


8115 


8174 


8233 


8292 


8350 


8409 


8468 


8527 


8586 


59 


739 


8644 


8703 


8762 


8821 


8879 


8938 


8997 


9056 


9114 


9173 


59 


740 


86 9232 


869290 


86 9349 


86 9408 


86 9466 


869525 


86 9584 


86 9642 


86 9701 


869760 


59 


741 


9818 


9877 


9935 


9994 


870053 


87 01 1 1 


870170 


87 0228 


87 0287 


870345 


59 


742 


870404 


87 0462 


870521 


870579 


0638 


0696 


0755 


0813 


0872 


0930 


5? 


743 


0989 


1047 


1 106 


1 164 


1223 


1281 


1339 


1398 


1456 


1515 


5? 


744 


1573 


1631 


1690 


1748 


1806 


1865 


1923 


1981 


2040 


2098 


58 


745 


872156 


872215 


87 2273 


87 2331 


87 2389 


872448 


87 2506 


87 2564 


87 2622 


87 2681 


5i 


746 


2739 


2797 


2855 


2913 


2972 


3030 


3088 


3146 


3204 


3262 


^l 


747 


3321 


3379 


3437 


3495 


3553 


361 1 


3669 


3727 


3785 


3844 


5! 


748 


3902 


3960 


4018 


4076 


4134 


4192 


4250 


4308 


4366 


4424 


5? 


749 


4482 


4540 


4598 


4656 


47H 


4772 


4830 


4888 


4945 


5003 


58 


750 


875061 


875119 


875177 


87 5235 


87 5293 


875351 


87 5409 


87 5466 


87 5524 


87 5582 


5! 


751 


5640 


5698 


5756 


5813 


5871 


5929 


5987 


6045 


6102 


6160 


5! 


75a 


6218 


6276 


6333 


6391 


6449 


6507 


6564 


6622 


6680 


6737 


5! 


753 


6795 


6853 


6910 


6968 


7026 


7083 


7141 


7199 


7256 


7314 


5! 


754 


7371 


7429 


7487 


7544 


7602 


7659 


7717 


7774 


7832 


7889 


58 


755 


87 7947 


878004 


878062 


878119 


878177 


87 8234 


87 8292 


87 8349 


878407 


87 8464 


57 


756 


8522 


8579 


8637 


8694 


8752 


8809 


8866 


8924 


8981 


9039 


57 


757 


9096 


9153 


921 1 


9268 


9325 


9383 


9440 


9497 


9555 


9612 


57 


758 


9669 


9726 


9784 


9841 


9898 


9956 


880013 


880070 


880127 


880185 


57 


759 

N. 


88 0242 


88 0299 


88 0356 


880413 


880471 


88 0528 


0585 


0642 


0699 


0756 


57 
D. 
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57 


880814 


880871 


880928 


880985 


881042 


88 1099 


88 1 156 


881213 


88 1271 


88 1328 


761 


1385 


1442 


1499 


1556 


1613 


1670 


1727 


1784 


1841 


1898 


57 


762 


1955 


2012 


2069 


2126 


2183 


2240 


2297 


2354 


241 1 


2468 


57 


763 


2525 


2581 


2638 


2695 


2752 


2809 


2866 


2923 


2980 


3037 


57 


764 


3093 


3150 


3207 


3264 


3321 


3377 


3434 


3491 


3548 


3605 


57 


765 


883661 


883718 


^^ 3775 


58 3832 


88 3888 


88 3945 


884002 


88 4059 


88 41 15 


884172 


57 


766 


4229 


4285 


4342 


4399 


4455 


4512 


4569 


4625 


4682 


4739 


57 


767 


4795 


4852 


4909 


4965 


5022 


5078 


5135 


5192 


5248 


5305 


57 


768 


5361 


5418 


5474 


5531 


5587 


5644 


5700 


5757 


5813 


5870 


57 


769 


5926 


5983 


6039 


6096 


6152 


6209 


6265 


6321 


6378 


6434 


56 


770 


88 6491 


88 6547 


886604 


886660 


886716 


88 6773 


88 6829 


88 6885 


886942 


886998 


56 


771 


7054 


7111 


7167 


7223 


7280 


7336 


7392 


7449 


7505 


7561 


56 


772 


7617 


7674 


7730 


7786 


7842 


7898 


7955 


801 1 


8067 


8123 


5^ 


773 


8179 


8236 


8292 


8348 


8404 


8460 


8516 


8573 


8629 


8685 


5! 


774 


8741 


8797 


8853 


8909 


8965 


9021 


9077 


9134 


9190 


9246 


56 


775 


88 9302 


88 9358 


88 9414 


88 9470 


88 9526 


88 9582 


88 9638 


889694 


88 9750 


889806 


5^ 


776 


9862 


9918 


9974 


890030 


890086 


890141 


890197 


89 0253 


890309 


89 0365 


5! 


777 


890421 


890477 


89 0533 


0589 


0645 


0700 


0756 


0812 


0868 


0924 


5^ 


778 


0980 


1035 


1091 


1 147 


1203 


1259 


1314 


1370 


1426 


1482 


5^ 


779 


1537 


1593 


1649 


1705 


1760 


1816 


1872 


1928 


1983 


2039 


56 


780 


892095 


892150 


892206 


89 2262 


892317 


89 2373 


89 2429 


892484 


892540 


89 2595 


5^ 


781 


2651 


2707 


2762 


2818 


2873 


2929 


2985 


3040 


3096 


3151 


56 


782 


3207 


3262 


3318 


3373 


3429 


3484 


3540 


3595 


3651 


3706 


56 


783 


3762 


3817 


3873 


3928 


3984 


4039 


4094 


4150 


4205 


4261 


55 


784 


4316 


4371 


4427 


4482 


4538 


4593 


4648 


4704 


4759 


4814 


55 


785 


89 4870 


89 4925 


894980 


89 5036 


895091 


895146 


89 5201 


895257 


895312 


895367 


55 


786 


5423 


5478 


5533 


5588 


5644 


5699 


5754 


5809 


5864 


5920 


55 


787 


5975 


6030 


6085 


6140 


6195 


6251 


6306 


6361 


6416 


6471 


55 


788 


6526 


6581 


6636 


6692 


6747 


6802 


6857 


6912 


6967 


7022 


55 


789 


7077 


7132 


7187 


7242 


7297 


7352 


7407 


7462 


7517 


7572 


55 


790 


897627 


89 7682 


897737 


89 7792 


89 7847 


89 7902 


89 7957 


898012 


898067 


898122 


55 


791 


8176 


8231 


8286 


8341 


8396 


8451 


8506 


8561 


8615 


8670 


55 


792 


8725 


8780 


8835 


8890 


8944 


8999 


9054 


9109 


9164 


9218 


55 


793 


9273 


9328 


9383 


9437 


9492 


9547 


9602 


9656 


971 1 


9766 


55 


794 


9821 


9875 


9930 


9985 


900039 


900094 


900149 


900203 


900258 


900312 


55 


795 


900367 


900422 


900476 


900531 


900586 


900640 


900695 


900749 


900804 


900859 


55 


796 


0913 


0968 


1022 


1077 


1131 


1 186 


1240 


1295 


1349 


1404 


55 


797 


1458 


1513 


1567 


1622 


1676 


1731 


1785 


1840 


1894 


1948 


54 


798 


2003 


2057 


2112 


2166 


2221 


2275 


2329 


2384 


2438 


2492 


54 


799 


2547 


2601 


2655 


2710 


2764 


2818 


2873 


2927 


2981 


3036 


54 


800 


903090 


903144 


903199 


903253 


903307 


903361 


903416 


90 3470 


903524 


90 3578 


54 


801 


3(>33 


3687 


3741 


3795 


3849 


3904 


3958 


4012 


4066 


4120 


54 


802 


4174 


4229 


4283 


4337 


4391 


4445 


4499 


4553 


4607 


4661 


54 


803 


4716 


4770 


4824 


4878 


4932 


4986 


5040 


5094 


5148 


5202 


54 


804 


5256 


5310 


5364 


5418 


5472 


5526 


5580 


5634 


5688 


5742 


54 


805 


90 5796 


905850 


905904 


905958 


906012 


906066 


90 61 19 


906173 


906227 


90 6281 


54 


806 


6335 


6389 


6443 


6497 


6551 


6604 


6658 


6712 


6766 


6820 


54 


807 


6874 


6927 


6981 


7035 


7089 


7143 


7196 


7250 


7304 


7358 


54 


808 


741 1 


7465 


7519 


7573 


7626 


7680 


7734 


7787 


7841 


7895 


54 


809 


7949 


8002 


8056 


81 10 


8163 


8217 


8270 


8324 


8378 


8431 


54 


810 


90 8485 


908539 


908592 


908646 


908699 


908753 


908807 


908860 


908914 


908967 


54 


811 


9021 


9074 


9128 


9181 


9235 


9289 


9342 


9396 


9449 


9503 


54 


812 


9556 


9610 


9663 


9716 


9770 


9823 


9877 


9930 


9984 


910037 


53 


813 


91 0091 


91 0144 


91 0197 


91 0251 


91 0304 


91 0358 


91 041 1 


91 0464 


91 0518 


0571 


53 


814 


0624 


0678 


073' 


0784 


0838 


0891 


0944 


0998 


105 1 


1 104 


53 


815 


91 1158 


91 1211 


91 1264 


91 1317 


91 1371 


91 1424 


91 1477 


91 1530 


91 1584 


91 1637 


53 


816 


1690 


1743 


1797 


1850 


1903 


1956 


2009 


2063 


2116 


2169 


53 


817 


2222 


"75 


2328 


2381 


2435 


2488 


2541 


2594 


2647 


2700 


53 


818 


2753 


2806 


2859 


2913 


2966 


3019 


3072 


3125 


3178 


3231 


53 


819 

N. 


3284 


3337 


3390 


3443 


3496 


3549 


3602 


3655 


3708 


3761 


53 
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53 


91 3814 


91 3867 


91 3920 


91 3973 


91 4026 


91 4079 


91 4132 


91 4184 


91 4237 


91 4290 


831 


4343 


4396 


4449 


4502 


4555 


4608 


4660 


4713 


4766 


4819 


53 


822 


4872 


4925 


4977 


5030 


5083 


5136 


5189 


5241 


5294 


5347 


53 


823 


5400 


5453 


5505 


5558 


561 1 


5664 


5716 


5769 


5822 


5875 


53 


824 


5927 


5980 


6033 


6085 


6138 


6191 


6243 


6296 


6349 


6401 


53 


825 


91 6454 


91 6507 


91 6559 


91 6612 


91 6664 


91 6717 


91 677P 


91 6822 


91 6875 


91 6927 


53 


826 


6980 


7033 


7085 


7138 


7190 


7243 


7295 


7348 


7400 


7453 


53 


827 


7506 


7558 


761 1 


7663 


7716 


7768 


7820 


7873 


7925 


7978 


52 


828 


8030 


8083 


8135 


8188 


8240 


8293 


8345 


8397 


8450 


8502 


52 


829 


8555 


8607 


8659 


8712 


8764 


8816 


8869 


8921 


8973 


9026 


52 


830 


919078 


91 9130 


91 9183 


91 9235 


91 9287 


91 9340 


91 9392 


919444 


91 9496 


91 9549 


52 


831 


9601 


9653 


9706 


9758 


9810 


9862 


9914 


9967 


920019 


920071 


52 


832 


920123 


920176 


92 0228 


920280 


92 0332 


92 0384 


92 0436 


92 0489 


0541 


0593 


52 


833 


0645 


0697 


0749 


0801 


0853 


0906 


0958 


lOIO 


1062 


1114 


52 


834 


1 166 


121S 


1270 


1322 


1374 


1426 


1478 


1530 


1582 


1634 


52 


835 


92 1686 


92 1738 


92 1790 


92 1842 


92 1894 


92 1946 


92 1998 


92 2050 


92 2102 


922154 


52 


836 


2206 


2258 


2310 


2362 


2414 


2466 


2518 


2570 


2622 


2674 


52 


837 


2725 


2777 


2829 


2881 


2933 


2985 


3037 


3089 


3140 


3192 


52 


838 


3244 


3296 


3348 


3399 


3451 


3503 


3555 


3607 


3658 


3710 


52 


839 


3762 


3814 


3865 


3917 


3969 


4021 


4072 


4124 


4176 


4228 


52 


840 


92 4279 


924331 


92 4383 


924434 


924486 


924538 


92 4589 


92 4641 


924693 


924744 


52 


841 


4796 


4848 


4899 


4951 


5003 


5054 


5106 


5157 


5209 


5261 


52 


842 


53^? 


5364 


5415 


5467 


5518 


5570 


5621 


5673 


5725 


5776 


52 


843 


5828 


5879 


5931 


5982 


6034 


6085 


6137 


6188 


6240 


6291 


51 


844 


6342 


6394 


6445 


6497 


6548 


6600 


6651 


6702 


6754 


6805 


51 


845 


92 6857 


926908 


926959 


92 701 1 


92 7062 


92 71 14 


92 7165 


92 7216 


92 7268 


92 7319 


51 


846 


7370 


7422 


7473 


7524 


7576 


7627 


7678 


7730 


7781 


7832 


51 


847 


^883 
8396 


7935 


7986 


8037 


8088 


8140 


8191 


8242 


8293 


8345 


51- 


848 


8447 


8498 


8549 


8601 


8652 


8703 


8754 


8805 


8857 


51 


849 


8908 


8959 


9010 


9061 


9112 


9163 


9215 


9266 


9317 


9368 


51 


850 


92 9419 


92 9470 
9981 


92 9521 


929572 929623 


92 9674 


92 9725 


92 9776 


92 9827 


92 9879 


51 


851 


9930 


930032 


930083 


930134 


93018^ 


930236 


93 0287 


93 0338 


93 0389 


51 


852 


930440 


930491 


0542 


0592 


0643 


0694, 


0745 


0796 


0847 


0898 


51 


853 


0949 


1000 


105 1 


1 102 


"53 


I2D^ 


1254 


1305 


1356 


1407 


51 


854 


1458 


1509 


1560 


1610 


1661 


1712 


1763 


1814 


1865 


1915 


51 


855 


93 1966 


932017 


93 2068 


93 21 18 


932169 


93 2226 


932271 


93 2322 


93 2372 


93 2423 


51 


856 


2474 


2524 


2575 


2626 


2677 


2727 


2778 


2829 


2879 


2930 


51 


857 


2981 


3031 


3082 


3133 


3183 


3234 


3285 


3335 


3386 


3437 


51 


858 


3487 


3538 


3589 


3639 


3690 


3740 


3791 


3841 


3892 


3943 


51 


859 


3993 


4044 


4094 


4145 


4195 


4246 


4296 


4347 


4397 


4448 


51 


860 


934498 


93 4549 


93 4599 


93 4650 


934700 


934751 


934801 


93 4852 


93 4902 


93 4953 


50 


861 


5003 


5054 


5I°4 


5154 


5205 


5255 


5306 


5356 


5406 


5457 


50 


862 


5507 


5558 


5608 


5658 


5709 


5759 


5809 


5860 


5910 


5960 


50 


863 


601 1 


6061 


6111 


6162 


6212 


6262 


6313 


6363 


6413 


6463 


50 


864 


6514 


6564 


6614 


6665 


6715 


6765 


6815 


6865 


6916 


6966 


50 


865 


93 7016 


93 7066 


937117 


937167 


937217 


93 7267 


937317 


93 7367 


93 7418 


93 7468 


50 


866 


7518 


7568 


7618 


7668 


7718 


7769 


7819 


7869 


7919 


7969 


50 


867 


8019 


8069 


8119 


8169 


8219 


8269 


8320 


8370 


8420 


8470 


50 


868 


8520 


8570 


8620 


8670 


8720 


8770 


8820 


8870 


8920 


8970 


50 


869 


9020 


9070 


9120 


9170 


9220 


9270 


9320 


9369 


9419 


9469 


50 


870 


939519 


93 9569 


939619 


93 9669 


939719 


93 9769 


93 9819 


93 9869 


93 9918 


93 9968 


50 


871 


940018 


940068 


94 01 18 


940168 


940218 


94 0267 


940317 


94 0367 


940417 


94 0467 


50 


872 


0516 


0566 


0616 


d664 


0716 


0765 


0815 


0865 


0915 


0964 


59 


873 


1014 


1064 


1114 


1 163 


1213 


1263 


^3^3 


1362 


1412 


1462 


50 


874 


1511 


1561 


161 1 


1660 


1710 


1760 


1809 


1859 


1909 


1958 


50 


875 


942008 


94 2058 


94 2107 


942157 


94 2207 


94 2256 


94 2306 


94 2355 


94 2405 


94 2455 


50 


876 


2504 


2554 


2603 


2653 


2702 


2752 


2801 


2851 


2901 


2950 


50 


877 


3000 


3049 


3099 


3148 


3198 


3247 


3297 


3346 


3396 


3445 


49 


878 


3495 


3544 


3593 


3643 


3692 


3742 


3791 


3841 


3890 


3939 


49 


879 

N. 


3989 


4038 


4088 


4137 


4186 


4236 


4285 


4335 


4384 


4433 


49 

D. 
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6 


7 


8 


9 



LOGARITHMS OF NUMBERS. 



15 



N. 
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1 


2 


3 


4 


5 


6 


7 


8 


9 


D. 

49 


944483 


94 4532 


944581 


944631 


944680 


944729 


94 4779 


94 4828 


944877 


94 4927 


881 


4976 


5025 


5074 


5124 


5173 


5222 


5272 


5321 


5370 


5419 


49 


882 


5469 


5518 


5567 


5616 


5665 


5715 


5764 


5813 


5862 


5912 


49 


883 


5961 


6010 


6059 


6108 


6157 


6207 


6256 


6305 


6354 


6403 


49 


884 


6452 


6501 


6551 


6600 


6649 


6698 


6747 


6796 


6845 


6894 


49 


885 


94 6943 


94 6992 


94 7041 


947090 


947140 


94 7189 


94 7238 


94 7287 


94 7336 


94 7385 


49 


886 


7434 


7483 


7532 


7581 


7630 


7679 


7728 


7777 


7826 


7875 


49 


887 


. 7924 


7973 


8022 


8070 


8119 


8j68 


8217 


8266 


8315 


8364 


49 


888 


8413 


8462 


8511 


8560 


8609 


8657 


8706 


8755 


8804 


8853 


49 


88g 


8902 


8951 


8999 


9048 


9097 


9146 


9195 


9244 


9292 


9341 


49 


890 


949390 


94 9439 


94 9488 


94 9536 


94 9585 


94 9634 


94 9683 


949731 


949780 


94 9829 


49 


891 


9878 


9926 


9975 


950024 


950073 


950121 


95 0170 


95 0219 


95 0267 


950316 


49 


892 


95 0365 


95 0414 


95 0462 


05 1 1 


0560 


0608 


0657 


0706 


0754 


0803 


49 


893 


0851 


0900 


0949 


0997 


1046 


1095 


"43 


1 192 


1240 


1289 


49 


894 


1338 


1386 


H35 


1483 


1532 


1580 


1629 


1677 


1726 


1775 


49 


895 


95 1823 


95 1872 


95 1920 


95 1969 


952017 


95 2066 


95 21 14 


95 2163 


95 221 1 


95 2260 


48 


896 


2308 


2356 


2405 


2453 


2502 


2550 


2599 


2647 


2696 


2744 


48 


897 


2792 


2841 


2889 


2938 


2986 


3034 


3083 


3^3^ 


3180 


3228 


48 


898 


3276 


3325 


3373 


3421 


3470 


3518 


3566 


3615 


3663 


37" 


48 


899 


3760 


3808 


3856 


3905 


3953 


4001 


4049 


4098 


4146 


4194 


48 


900 


95 4243 


95 4291 


95 4339 


95 4387 


95 4435 


954484 


95 4532 


95 4580 


95 4628 


95 4677 


48 


901 


4725 


4773 


4821 


4869 


4918 


4966 


5014 


5062 


5110 


5158 


48 


902 


5207 


5255 


5303 


5351 


5399 


5447 


5495 


5543 


5592 


5640 


48 


903 


5688 


5736 


5784 


5832 


5880 


5928 


5976 


6024 


6072 


6120 


48 


904 


6168 


6216 


6265 


6313 


6361 


6409 


6457 


6505 


6553 


6601 


48 


905 


95 6649 


956697 


95 6745 


95 6793 


95 6840 


95 6888 


95 6936 


95 6984 \ 95 7032 


95 7080 


48 


906 


7128 


7176 


7224 


7272 


7320 


7368 


7416 


7464 


7512 


Z559 


48 


907 


7607 


7655 


7703 


 7751 


7799 


7847 


7894 


7942 


7990 


8038 


48 


908 


8086 


8134 


8181 


8229 


8277 


8325 


8373 


8421 


8468 


8516 


48 


909 


8564 


8612 


8659 


8707 


8755 


8803 


8850 


8898 


8946 


8994 


48 


910 


959041 


959089 


959137 


95 9185 


95 9232 


95 9280 


95 9328 


95 9375 


95 9423 


959471 


48 


911 


^9518 


9566 


9614 


9661 


9709 


9757 


9804 


9852 


9900 


9947 


48 


912 


9995 


960042 


960090 


960138 


960185 


960233 


960280 


96 0328 


96 0376 


96 0423 


48 


913 


960471 


0518 


0566 


0613 


0661 


0709 


0756 


0804 


0851 


0899 


48 


914 


0946 


0994 


104 1 


1089 


1136 


1 184 


1231 


1279 


1326 


1374 


48 


915 


96 1421 


96 1469 


961516 


961563 


96 161 1 


96 1658 


96 1706 


961753 


96 1801 


96 1848 


47 


916 


1895 


1943 


1990 


2038 


2085 


2132 


2180 


2227 


2275 


2322 


47 


917 


2369 


2417 


2464 


2511 


2559 


2606 


2653 


2701 


2748 


2795 


47 


918 


2843 


2890 


2937 


2985 


3032 


3079 


3126 


3174 


3221 


3268 


47 


919 


3316 


3363 


3410 


3457 


3504 


3552 


3599 


3646 


3693 


3741 


47 


920 


96 3788 


96 3835 


96 3882 


96 3929 


96 3977 


96 4024 


964071 


964118 


964165 


964212 


47 


921 


4260 


4307 


4354 


4401 


4448 


4495 


4542 


4590 


4637 


4684 


47 


922 


4731 


4778 


4825 


4872 


4919 


4966 


5013 


5061 


5108 


5155 


47 


923 


5202 


5249 


5296 


5343 


5390 


5437 


5484 


5531 


5578 


5625 


47 


924 


5672 


5719 


5766 


5813 


5860 


5907 


5954 


6001 


6048 


6095 


47 


925 


96 6142 


96 6189 


96 6236 


96 6283 


96 6329 


96 6376 


96 6423 


96 6470 


966517 


96 6564 


47 


926 


661 1 


6658 


6705 


6752 


6799 


6845 


6892 


6939 


6986 


7033 


47 


927 


7080 


7127 


7173 


7220 


7267 


7314 


7361 


7408 


7454 


7501 


47 


928 


7548 


7595 


7642 


7688 


7735 


7782 


7829 


7875 


7922 


7969 


47 


929 


8016 


8062 


8109 


8156 


8203 


8249 


8296 


8343 


8390 


8436 


47 


930 


96 8483 


96 8530 


968576 


96 8623 


96 8670 


968716 


96 8763 


96 8810 


96 8856 


96 8903 


47 


931 


8950 


8996 


9043 


9090 


9136 


9183 


9229 


9276 


9323 


9369 


47 


932 


9416 


9463 


9509 


9556 


9602 


9649' 


9695 


9742 


9789 


9835 


47 


933 


9882 


9928 


9975 


970021 


970068 


97 01 14 


970161 


97 0207 


97 0254 


970300 


47 


934 


97 0347 


97 0393 


970440 


0486 


0533 


0579 


0626 


0672 


0719 


0765 


46 


935 


970812 


97 0858 


970904 


970951 


97 0997 


97 1044 


97 1090 


97 "37 


97 "83 


97 1229 


46 


936 


1276 


1322 


1369 


1415 


1461 


1508 


1554 


1601 


1647 


1693 


46 


937 


1740 


1786 


1832 


1879 


1925 


1971 


2018 


2064 


2110 


2157 


46 


938 


2203 


2249 


2295 


2342 


2388 


2434 


2481 


2527 


2573 


2619 


46 


939 

N. 


2666 


2712 


2758 


2804 


2851 


2897 


2943 


2989 


3035 


3082 


46 
D. 
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3 


4 


6 


6 


7 


8 


9 
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46 


940 


973128 


973174 


97 3220 


97 3266 


973313 


97 3359 


973405 


973451 


97 3497 


97 3543 


941 


3590 


3636 


3682 


3728 


3774 


3820 


3866 


3913 


3959 


4005 
4460 


46 


942 


4051 


4097 


4143 


4189 


4235 


4281 


4327 


4374 


4420 


46 


943 


4512 


4558 


4604 


4650 


4696 


4742 


4788 


4834 


4880 


4926 


46 


944 


4972 


5018 


5064 


5110 


5156 


5202 


5248 


5294 


5340 


5386 


46 


945 


97 5432 


97 5478 


975524 


975570 


975616 


975662 


97 5707 


97 5753 


97 5799 


975845 


46 


946 


5891 


5937 


5983 


6029 


6075 


6121 


6167 


6212 


6258 


6304 


46 


947 


6350 


6396 


6442 


6488 


6533 


6579 


6625 


6671 


6717 


6763 


46 


948 


6808 


6854 


6900 


6946 


6992 


7037 


7083 


7129 


7175 


7220 


46 


949 


7266 


7312 


. 7358 


7403 


7449 


7495 


7541 


7586 


7632 


7678 


46 


950 


97 7724 


97 7769 


97 7815 


97 7861 


977906 


97 7952 


97 7998 


978043 


978089 


978135 


46 


951 


8181 


8226 


8272 


8317 


8363 


8409 


8454 


8500 


8546 


8591 


46 


95a 


8637 


8683 


8728 


8774 


8819 


8865 


891 1 


8956 


9002 


9047 


46 


953 


9093 


9138 


9184 


9230 


9275 


9321 


9366 


9412 


9457 


9503 


46 


954 


9548 


9594 


9639 


9685 


9730 


9776 


9821 


9867 


9912 


9958 


46 


955 


980003 


980049 


980094 


98 0140 


980185 


980231 


98 0276 


98 0322 


98 0367 


980412 


45 


956 


0458 


0503 


0549 


0594 


0640 


0685 


0730 


0776 


0821 


0867 


45 


957 


0912 


0957 


1003 


1048 


1093 


"39 


1 184 


1229 


1275 


1320 


45 


958 


1366 


141 1 


1456 


1 501 


1547 


1592 


1637 


1683 


1728 


1773 


45 


959 


1819 


1864 


1909 


1954 


2000 


2045 


2090 


2135 


2181 


2226 


45 


960 


98 2271 


982316 


98 2362 


982407 


98 2452 


982497 


98 2543 


98 2588 


98 2633 


98 2678 


45 


961 


2723 


2769 


2814 


2859 


2904 


2949 


2994 


3040 


3085 


3130 


45 


962 


3175 


3220 


3265 


3310 


3356 


3401 


3446 


3491 


3536 


3581 


45 


963 


3626 


3671 


37«6 


3762 


3807 


3852 


3897 


3942 


3987 


4032 


45 


964 


4077 


4122 


4167 


4212 


4257 


4302 


4347 


4392 


4437 


4482 


45 


965 


98 4527 


984572 


984617 


98 4662 


98 4707 


984752 


98 4797 


98 4842 


98 4887 


98 4932 


45 


966 


4977 


5022 


5067 


5112 


5157 


5202 


5247 


5292 


5337 


5382 


45 


967 


5426 


5471 


5516 


5561 


5606 


5651 


5696 


5741 


5786 


5830 


45 


968 


5875 


5920 


5965 


6010 


6055 


, 6100 


6144 


6189 


6234 


6279 


45 


969 


6324 


6369 


6413 


6458 


6503 


6548 
980996 


6593 


6637 


6682 


6727 


45 


970 


98 6772 


986817 


98 6861 


986906 


98 695 H 


98 7040 


98 7085 


98 7130 


987175 


45 


971 


7219 


7264 


7309 


7353 


7398 


7443 


7488 


7532 


7577 


7622 


45 


972 


7666 


7711 


7756 


7800 


7845 
8291 


7890 


7934' 


. 7979 


8024 


8068 


45 


973 


8113 


8157 


8202 


8247 


8336 


\8381 


8425 


8470 


8514 


45 


974 


8559 


8604 


8648 


8693 


8737 


8782 


^^826 


8871 


8916 


8960 


45 


975 


989005 


98 9049 


989094 


989138 


989183 


98 9227 


98 9272 


989316 


98 9361 


98 9405 


45 


976 


9450 


9494 


9539 


9583 


9628 


9672 


9717 


9761 


9806 


9850 


44 


977 


.9895 


9939 


9983 


990028 


990072 


990117 


990161 


990206 


99 0250 


99 0294 


44 


978 


99 0339 


99 0383 


99 0428 


0472 


0516 


0561 


0605 


0650 


0694 


0738 


44 


979 


0783 


0827 


0871 


0916 


0960 


1004 


1049 


1093 


"37 


1 182 


44 


980 


99 1226 


99 1270 


991315 


99 1359 


99 1403 


991448 


99 1492 


99 1536 


991580 


99 1625 


44 


981 


1669 


1713 


1758 


1802 


1846 


1890 


1935 


1979 


2023 


2067 


44 


982 


2111 


2156 


2200 


2244 


2288 


2333 


2377 


2421 


2465 


2509 


44 


983 


2554 


2598 


2642 


2686 


2730 


2774 


2819 


2863 


2907 


2951 


44 


984 


2995 


3039 


3083 


3127 


3172 


3216 


3260 


3304 


3348 


3392 


44 


985 


99 3436 


99 3480 


993524 


99 3568 


993613 


993657 


993701 


99 3745 


99 3789 


99 3833 


44 


986 


3877 


3921 


3965 


4009 


4053 


4097 


4141 


4185 


4229 


4273 


44 


987 


4317 


4361 


4405 


4449 


4493 


4537 


4581 


4625 


4669 


4713 


44 


988 


4757 


4801 


4845 


4889 


4933 


4977 


5021 


5065 


5108 


5152 


44 


989 


5196 


5240 


5284 


5328 


5372 


5416 


5^60 


^50^ 


^ 5547 


5591 


44 


990 


99 5635 


99 5679 


99 5723 


995767 


99 581 1 


99 5854 


99 58a?. 


99JS42 


99 5986 


996030 


44 


991 


6074 


6117 


6161 


6205 


6249 


6293 


6337 


6424 


6468 


44 


992 


6512 


6555 


6599 


6643 


6687 


6731 


6774 


6818 


6862 


6906 


44 


993 


6949 


6993 


7037 


7080 


7124 


7168 


7212 


7255 


7299 


7343 


44 


994 


7386 


7430 


7474 


7517 


7561 


7605 


7648 


7692 


7736 


7779 


44 


995 


99 7823 


99 7867 


997910 


99 7954 


99 7998 


99 8041 


99 8085 


998129 


998172 


99 8216 


44 


996 


8259 


8303 


8347 


8390 


8434 


8477 


8521 


8564 


8608 


8652 


44 


997 


8695 


8739 


8782 


8826 


8869 


8913 


8956 


9000 


9043 


9087 


44 


998 


9131 


9174 


9218 


9261 


9305 


9348 


9392 


9435 


9479 


9522 


44 


999 


9565 


9609 


9652 


9696 


9739 


9783 


9826 


9870 


9913 


9957 


43 

D. 


N. 





1 


2 


3 


4 


6 


6 


7 


8 


9 



A TABLE 



OF THE 



LOGARITHMIC SINES, COSINES, TANGENTS, 

AND COTANGENTS, 



FOR EVERY 



DEGREE AND MINUTE FROM 0* TO 90'. 



18 LOGARITHMIC SINES, COSINES, TANGENTS, AND COTANGENTS. 

0° 



o 
z 

2 

3 
4 

5 
6 

7 
8 

9 

10 

II 

12 

13 
14 

15 
i6 

I? 
i8 

19 

20 
21 
22 

23 
24 

as 

26 
27 
28 
29 

30 

31 
3a 
33 
34 

35 
36 
37 
38 

39 
40 

41 
4a 
43 
44 

45 
46 

47 
48 

49 

50 

51 
5a 
53 
54 

55 
56 

57 
58 
59 
60 



Sin. 



— 00 

6.463 726 
.764 756 
.940 847 

7.065 786 

7.162696 
.241 877 
.308 824 
.366816 
417968 

7.463 726 
.505 1 18 
.542 906 
.577 668 
.609 853 

7.639 816 
.667 845 
.694173 
.718997 
.742 478 

7-764 754 

•785 943 
.806 146 

.825451 

.843 934 
7.861 662 
.878 695 
.895 085 
.910 879 
..926 119 

7.940 842 

•955 ^^^ 
.968 870 

.982 233 

.995 198 

8.007 787 
.020021 
.031 919 
.043 501 
.054 781 

8.065 776 
.076 500 
.086 965 
.097 183 
.107 167 

8.116926 
.126471 
.135 810 

.144 953 

•153907 

8.162 681 

.171 280 

•179 713 
.187 985 

.196 102 

8.204 070 
.211 895 
.219581 
.227 134 

•234 557 
8.241 855 

O08. 



D. 1". 



5017.17 

2934^85 
2082.32 

1615.17 

1319.68 

1115.78 

966.53 

852.53 
762.63 

689.87 
629.80 

579.37 
536.42 

499.38 

467.15 
438.80 

41373 
39135 
371.27 

336.72 

321.75 
308.05 

295-47 
283.88 

273-17 
263.23 

254.00 
245-38 

237.33 
229.80 

222.72 

216.08 

209.82 

203.90 
198.30 

193-03 
188.00 

183.25 

178.73 
174.42 

170.30 

166.40 

162.65 

159.08 

155.65 
152.38 
149.23 
146.23 

143.32 
140.55 

137.87 
135.28 

132.80 

130.42 
128.10 
125.88 
123.72 
121.63 

D. 1". 



O08. 



10.000000 
.000000 
.000000 
.000000 
.000000 

10.000000 
9.999 999 

.999 999 
.999 999 
.999 999 

9.999 998 
.999 998 
.999 997 
.999 997 
•999 996 

9.999 996 
.999 995 
•999 995 
•999 994 
•999 993 

9-999 993 
.999 992 
.999 991 

.999990 

.999 989 

9.999 989 

.999 988 

.999 987 
.999 986 

•999 985 

9.999 983 
.999 982 
•999 981 
.999 980 
•999 979 

9.999 977 
.999 976 

.999 975 

.999 973 

.999 972 

9.999971 

•999 969 
.999 968 
.999 966 

.999 964 
9.999 963 
•999 961 
•999 959 
•999 958 
•999 956 

9999 954 

•999 952 
.999 950 

•999 948 

•999 946 

9.999 944 

.999 942 

.999 940 
.999 938 

•999 936 
9-999 934 
Sin. 



D. 1 



// 



.00 
.00 
.00 
.00 

.02 
.00 
.00 
.00 
.02 

.00 
.02 
.00 
.02 
.00 

.02 
.00 
.02 
.02 
.00 

.02 
.02 
.02 
.02 
.00 

.02 
.02 
.02 
.02 

.03 
.02 
.02 
.02 
.02 

•03 
.02 
.02 

•03 
.02 

.02 

.03 
.02 

•03 

.03 
.02 

.03 
•03 
.02 

•03 
.03 

.03 
•03 
-03 
•03 
•03 

.03 
.03 
.03 
.03 
.03 

D. 1". 

"8^ 



Tan. 



— 00 



6.463 726 
.764 756 
•940 847 

7.065 786 

7.162 696 
.241 878 
.308 825 
.366817 
.417970 

7.463 727 
.505 120 
.542909 

.577 672 
•609857 

7.639 820 
.667 849 
.694 179 
.719003 
.742 484 

7.764 761 

•785951 
.806155 

.825 460 

.843944 

7.861 674 
.878 708 

•895 099 
.910 894 

.926 134 
7.940 858 

.955 «oo 
.968 889 
.982 253 

•995 219 

8.007809 

.020 044 

.031 945 

•043 527 
.054809 

8.065806 

.076 531 
.086 997 
.097 217 
.107 203 

8.1 16 963 
.126510 

.135851 
.144996 

•153952 

8.162 727 

.171 328 

.179 763 

.188036 

.196 156 

8.204 126 

.211953 
.219 641 

.227 195 

.234621 

8.241 921 
Got. 



D. 1 



rf 



5017.17 
2934.85 
2082.32 
1615.I7 

1319.70 

III5.78 

966.53 

852 55 
762.62 

689.88 
629.82 

579^38 
536.42 
499.38 

467.15 

438.83 

41373 

39i^3S 
371.28 

353.17 

336.73 

321.75 
308.07 

295.50 

283.90 
273.18 
263.25 
254.00 
245-40 

237.37 
229.82 

222.73 

216.10 

209.83 

203.92 

198.35 
19303 
188.03 

183.28 
178.75 

17443 

170-33 
166.43 

162.67 

159.12 
155.68 
152.42 
149.27 
146.25 

143.35 
140.58 

13788 

135-33 
132.83 

130.45 
128.13 

125.90 

123.77 
121.67 

D. 1". 



Got. 



— 00 

3-536 274 
•235 244 
.059 153 

2.934 214 

2.837 304 
.758 122 

.691 175 
•633 183 
.582030 

2.536 273 
.494880 
.457091 
.422 328 
•390 143 

2.360 180 

•332 151 
.305 821 

.280 997 

-257 5»6 

2.235 239 
.214049 

.193845 
.174540 

.156056 

2.138326 
.121 292 
.104901 
.089 106 
.073 866 

2.059 142 
.044900 
.031 III 

•017747 
.004 781 

1.992 191 

•979 956 
.968055 

.956 473 
•945 191 

1.934 194 

•923 469 
.913003 

.902 783 

.892 797 

1.883037 

•873 490 
.864 149 

.855 004 

.846 048 

1837 273 
.828 672 
.820 237 
.811 964 
.803844 

1.795 874 
.788 047 

-780 359 
.772 805 

•765 379 
1.758079 

Tan. 



60 ' 

59 
58 

57 
56 

55 
54 
53 
5a 
51 
50 

49 
48 

47 
46 

45 
44 
43 
4a 
41 
40 

39 
38 

37 
36 

35 
34 
33 
3a 

31 

30 
29 
28 
27 
26 

as 
24 

23 

22 

21 

20 

19 
18 

17 
16 

15 

14 

13 
12 

II 

10 

9 
8 

7 
6 

5 

4 
3 

2 

I 
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P 



O 

z 

2 

3 

4 

5 
6 

7 
8 

9 

lO 

II 

12 

13 
14 

i6 

17 
i8 

19 

20 
21 
22 
23 
24 

25 
26 

27 

28 

29 

30 
31 

32 

33 
34 

35 
36 

37 
38 

39 

40 

41 
42 
43 
44 

45 
46 

47 
48 

49 

50 

51 
52 

53 
54 

55 
56 
57 
58 
59 
60 



Sin. 



8.241 855 

•249 033 
.256 094 

.263 042 

.269 881 

8.276614 
.283 243 

•289 773 
.296 207 
.302 546 

8.308 794 

.314954 
.321 027 

.327016 
.332 924 

8.338 753 
•344504 
.350 181 

•355 783 

•361 315 

8.366 777 

.372 171 

.377 499 
.382 762 

.387 962 

8.393 loi 
.398 179 

.403 199 

.408 161 

.413068 

8.417 919 
.422 717 
427 462 
.432 156 
.436800 

8.441 394 
.445 941 
.450 440 

•454 893 
.459 301 
8.463 665 
.467 985 
.472 263 
.476 498 
.480693 

8.484 848 
•488 963 

•493 040 
.497 078 
.501 080 

8.505 045 
.508 974 
.512867 
.516 726 

.520551 

8.524 343 
.528 102 

.531 828 

•535 523 
.539 186 

8.542 819 
O08. 



D. 1". 



119.63 
117.68 
115.80 
113.98 
112.22 

1 1048 
108.83 
107.23 
105.65 
104.13 

102.67 

101.22 

99.82 

9847 
97-15 

95-85 
94.62 

93-37 
92.20 

91.03 

89.90 
88.80 

87.72 
86.67 

85.65 

84.63 
83.67 
82.70 
81.78 
80.85 

79-97 
7908 

78.23 

77.40. 

76.57. 

75-78 
74.98 
74.22 

73-47 
72-73 
72.00 

71-30 
70.58 
69.92 
69.25 

68.58 

67.95 

67.30. 

66.70 

66.08 

65.48 
64.88 
64.32. 

63^75 
63.20 

62.65 
62.10 
61.58 
61.05 
60.55 

D. 1". 



O08. 



9-999 934 

•999 932 
.999 929 

•999 927 
•999 925 
9.999 922 
.999920 
.999918 

.999915 

.999913 

9.999910 

.999907 

.999 905 
■999 902 
•999 899 

9.999 897 
.999 894 

.999891 

.999 888 

-999 885 

9.999 882 

•999 879 
.999 876 

-999 873 
•999 870 

9.999 867 
.999 864 
.999 861 
.999 858 
•999 854 

9.999851 
•999 848 
•999844 
.999 841 
•999 838 

9.999 834 

-999 831 
.999 827 
•999 824 
.999 820 

9.999 816 
.999813 
.999809 

-999 805 
.999 801 

9.999 797 

•999 794 
•999 790 
•999 786 
•999 782 
9.999 778 

•999 774 
•999 769 
.999 765 
•999 761 

9-999 757 
•999 753 
•999 748 
•999 744 
•999 740 

9-999 735 

Sin. 



D. 1". 



.03 

•05 

-03 

-03 
.05 

-03 
.03 
-05 
•03 
•05 

•05 
•03 
-05 
-05 
-03 
.05 
.05 

.05 
-05 
•OS 

-05 
.05 

.05 

.05 

•05 

•05 
-05 
•05 
.07 
-05 

.05 

•07 

-05 
.05 

.07 

-05 
.07 

•05 
-07 
-07 
.05 
.07 
.07 

•07 
.07 

.05 
.07 

•07 
.07 

.07 

-07 
.08 

.07 

•07 
•07 

•07 
.08 

.07 

•07 
.08 

D. 1". 

88° 



Tan. 



8.241 921 
.249 102 
.256 165 
.263 115 
•269 956 

8.276 691 
.283 323 
.289 856 
.296 292 
.302 634 

8.308 884 
.315046 
.321 122 

•327 "4 
.333 025 
8.338 856 
.344610 
.350 289 

•355 895 
.361 430 

8.366 895 
.372 292 
.377 622 
.382 889 
.388 092 

8.393 234 
.398315 
-403 338 
.408 304 

.413213 

8.418068 

.422 869 

.427 618 

.432315 
.436 962 

8.441 560 
.446 1 10 
.450613 

.455 070 
.459481 

8.463 849 
468 1 72 

-472 454 
.476 693 
.480 892 

8.485 050 
.489 170 

•493 250 

•497 293 
.501 298 

8.505 267 
.509 200 
.513098 
.516961 
.520790 

8.524 586 

•528 349 
.532 080 

•535 779 

.539 447 

8.543084 

Got. 



D. 1". 



Got. 



119.68 
117.72 
115.83 
114.02 
112.25 

110.53 
108.88 
107.27 
105.70 
104.17 

102.70 

101.27 

99.87 

98.52 
97.18 

9590 

94-65 

93-43 
92.25 

91.08 

89-95 
88.83 

87.78 

86.72 

85.70 

84.68 

83.72 
82.77 
81.82 
80.92 

80.02 

79.15 
78.28 

77-45 
76.63 

75.83 

75-05 
74.28 

73-52 
72.80 

72-05 

71-37 
70.65 

69.98 

69.30 

68.67 
68.00 
67.38 
66.75 
66.15 

6555 
64.97 

64.38 
63.82 
63.27 

62.72 
62.18 
61.65 
61.13 
60.62 

D. 1". 



1.758079 
.750 898 

-743 835 
.736 885 

.730044 

1.723 309 
.716677 

.710 144 

.703 708 

.697 366 

1. 691 116 
.684 954 
.678 878 
.672 886 
.666 975 

1.661 144 

•655 390 
.649 711 

.644 105 

.638 570 

1.633 105 
.627 708 
.622 378 
.617 III 
.611 908 

1.606 766 
.601 685 
.596 662 
.591 696 
.586 787 

1.581 932 

-577 131 
.572382 

.567 685 
.563 038 

1.558440 
.553 890 
-549 387 
-544 930 
.540519 

1.536 151 
.531 828 
.527 546 

.523 307 
.519 108 

1.514950 
.510830 

.506 750 

.502 707 

.498 702 

1^494 733 
.490800 

.486 902 
-483 039 

.479 2IO 

1.475 4'4 
.471 651 
.467 920 
.464 221 
.469 553 

1.456 916 

Tan.. 



60 

59 
58 
57 
56 

55 
54 
53 
52 
51 
50 

49 
48 

47 
46 

45 

44 

43 

42 

41 
40 

39 
38 

37 
36 

35 
34 
33 
32 
31 

30 

29 
28 

27 

26 

25 

24 

23 
22 

21 

20 

19 
18 

17 
16 

15 

14 

13 
12 

II 
10 

9 
8 

7 
6 

5 

4 

3 

2 

I 



M. 



20 LOGARITHMIC SINES, COSINES, TANGENTS, AND COTANGENTS. 

2P 



Sin. 



o 


8.542 819 


X 


.546 422 


a 


•549 995 


3 


.553 539 


4 


•557054 


5 


8.560 540 


6 


•563 999 


7 


•567 431 


8 


.570836 


9 


.574 214 


10 


8.577 566 


II 


.580 892 


la 


•584 193 


13 


.587 469 


14 


.590 721 


15 


8.593 948 


i6 


•597 152 


17 


.600332 


i8 


.603489 


19 


.606623 


ao 


8.609734 


ai 


.612823 


aa 


.615 891 


23 


.618937 


24 


.621 962 


2$ 


8.624 965 


36 


.627 948 


27 


.630911 


as 


.633 854 


ag 


.636 776 


30 


8.639 680 


31 


.642 563 


32 


.64^ 428 


33 


.645 274 


34 


.651 102 


35 


8.653 911 


36 


.656 702 


37 


•659 475 


38 


.662 230 


39 


.664 968 


40 


8.667 689 


41 


.670 393 


42 


.673 080 


43 


.675751 


44 


.678 405 


45 


8.681 043 


46 


.683 665 


47 


.686 272 


48 


.688 863 


49 


.691 438 


50 


8.693 998 


51 


.696 543 


52 


.699 073 


53 


.701 589 


54 


.704090 


55 


8.706 577 


56 


.709 049 


57 


.711507 


58 


.713952 


59 


.716383 


60 


8.718800 



D. 1". 



O08. 



60.05 

59^55 
59.07 

58.58 

58.10 

57.65 
57.20 

56.75 
56.30 

5587 

5543 
55.02 

54.60 

54.20 

53.78 

5340 
5300 
52.62 

52.23 
51.85 

51.48 

51.13 
50.77 

5042 
50.05 

49.72 

49.38 
49.05 

48.70 
4840 

48.05 

4775 

4743 

47.13 
46.82 

46.52 

46.22 

4592 

45.63 

4535 

45.07 

44.78 

44.52 

44.23 

43.97 

43.70 

4345 
43.18 
42.92 
42.67 

42.42 
42.17 

4193 
41.68 

4145 

41.20 
40.97 

40.75 
40.52 

40.28 
D. 1". 



G08i 



9.999 735 
.999 73« 
.999 726 
.999 722 
.999717 

9.999713 
.999708 

.999 704 

.999 699 

•999694 

9.999 689 

.999 685 
.999680 
.999 675 
•999 670 
9.999 665 
.999660 

•999 655 
.999650 
.999645 

9.999 640 

.999 635 
.999 629 
.999624 

.999619 

9.999 614 

.999608 

.999603 

.999 597 
.999 592 

9.999 586 
.999581 

•999 575 
•999 570 
.999 564 

9.999 558 
.999553 
•999 547 
•999541 
.999 535 

9.999 529 

•999 524 
.999518 

.999512 
.999 506 

9.999 500 

•999 493 
.999 487 

.999481 

•999475 
9.999 469 

•999 463 
.999 456 
.999 450 
.999443 

9-999 437 
.999431 
.999424 
.999418 

.999 41 1 

9.999 404 

Sin. 



D. 1 



fr 



.07 
.08 

.07 
.08 

•07 
.08 

•07 
.08 

.08 

.08 

•07 
.08 

.08 

.08 

.08 

.08 
.08 
.08 
.08 
.08 

.08 
.10 
.08 
.08 
.08 

.10 
.08 
.10 
.08 
.10 

.08 
.10 
.08 
.10 
.10 

.08 
.10 
.10 
.10 
.10 

.08 
.10 
.10 
.10 
.10 

.12 
.10 
.10 
.10 
.10 

.10 
.12 
.10 
.12 
.10 

.10 
.12 
.10 
.12 
.12 

D. 1". 

"87^ 



Tan. 



8.543 084 
.546 691 
.550 268 

•553817 

•557 336 

8.560 828 

•564 291 
.567 727 

•57" 137 
•574 520 

8.577 877 
.581 208 

.584514 
•587 795 
•591 051 

8.594 283 

.597 492 
.600677 
•603 839 
.606978 

8.610094 
.613 189 
.616262 

•619 313 
.622 343 

8.625 352 
.628 340 
.631 308 
.634 256 
.637 184 

8.640 093 
.642 982 

.645 853 
.648 704 

•651 537 

8.654 352 

.657 149 

.659 928 

.662 689 

•665 433 

8.668 160 

.670 870 

.673 563 
.676 239 

.678900 

8.681 544 
.684 1 72 
.686 784 
.689 381 
.691 963 

8.694 529 
.697 081 
.699617 
.702 139 
.704 646 

8.707 140 
.709618 
.712083 

.714 534 
.716972 

8.719 396 

Cot. 



D. 1". 



60.12 
59.62 

59.15 
58.65 
58.20 

57.72 
57.27 
56.83 
56.38 

55-95 

55.52 
55.10 

54.68 

54.27 

53.87 

53.48 
53.08 
52.70 
52.32 
5 '93 
51.58 
51.22 

50.85 
50.50 
50.15 

49.80 

49.47 

49.13 
48.80 

48.48 
48.15 

47.85 

4752 
47.22 

46.92 

46.62 

46.32 
46.02 

45-73 
45-45 

45-17 
44.88 

44.60 

44.35 
44.07 

43.80 

43-53 
43.28 

43.03 
42.77 

42.53 
42.27 

42.03 

41.78 

41-57 
41.30 
41.08 
40.85 
40.63 
40.40 

D. 1". 



Got. 



1.456 916 

453 309 
•449 732 
.446 183 

.442 664 

1.439 172 

•435 709 
•432 273 
.428 863 
.425 480 

1422 123 

.418 792 

415486 

412205 

408 949 

1.405 717 
.402 508 

.399 323 
.396 161 

.393022 

1.389906 
.386811 

.383 738 
.380 687 

•377 657 

1.374648 

.371 660 

.368 692 

.365 744 
.362 816 

1-359907 
.357018 

•354 147 
.351 296 

•348 463 

1.345 648 

.342851 

.340 072 

•337 31 1 

•334 567 

1. 33 1 840 

.329 130 

•326 437 

.323 761 
.321 100 

1.318456 
.315828 
.313216 
.310619 
.308037 

1.305 471 
.302919 
.300 383 
.297 861 

.295 354 
1.292 860 
.290 382 
.287917 
.285 466 
.283 028 

1.280604 
Tan. 



60 

59 
58 

57 
56 

55 
54 
53 
52 
51 
50 

49 
48 

47 
46 

45 
44 
43 
42 
41 
40 

39 
38 

37 
36 

35 
34 
33 
32 
31 
30 

29 
aS 

27 
a6 

25 

24 

23 
aa 

ai 

ao 

19 
18 

17 
16 

15 

14 

13 
xa 

II 

10 

9 
8 

7 
6 

5 

4 

3 

a 

I 
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30 



Sin. 






8.718800 


I 


.721 204 


2 


•723 595 


3 


•725 972 


4 


•728 337 


5 


8.730688 


6 


•733 027 


7 


•735 354 


8 


•737 667 


9 


•739 969 


10 


8.742 259 


II 


•744 536 
.746 802 


la 


13 


•749055 


14 


•751 297 


15 


8.753 528 


16 


•755 747 


17 


•757 955 


18 


.760 151 


19 


•762 337 


20 


8.764 51 1 


21 


.766 675 


22 


.768 828 


23 


.770 970 


24 


•773 loi 


25 


8.775 223 


26 


•777 333 


27 


•779 434 


28 


.781 524 


29 


•783 605 


30 


8.785 675 


31 


•787 736 


3a 


•789 787 


33 


.791 828 


34 


•793 859 


35 


8.795 881 


36 


•797 894 


37 


•799 897 


38 


.801 892 


39 


.803 876 


40 


8.805 852 


41 


.807 819 


4a 


•809 777 


43 


.811 726 


44 


.813667 


45 


8.815 599 


46 


.817522 


47 


.819 436 


48 


•821 343 


49 


.823 240 


50 


8.825 130 


51 


.827011 


5a 


.828 884 


53 


.830 749 


54 


.832 607 


55 


8.834 456 


56 


.836 297 


57 


.838 130 


58 


•839 956 


59 


.841 774 


60 


8.843 585 



008. 



D. 1". 



40.07 

39^85 
39.62 

39-42 
39^i8 

38.98 
38.78 

38-55 
38^37 
38.17 

S7^95 
37-77 
37^55 
37^37 
37-18 

36.98 
36.80 
36.60 

36.43 
36.23 
36.07 
35.88 

35-70 
35^52 
35-37 

35^17 
35-02 

34-83 
34.68 

34^50 

34-35 
34.18 

34^02 

33^85 
33-70 

33-55 
33-38 

33-25 
33.07 
32^93 

32-78 
32.63 

32-48 

32-35 
32.20 

32.05 
31.90 

31.78 
31.62 

3i^5o 

31^35 
31.22 

31.08 

30^97 
30.82 

30.68 

30.55 
30-43 
30.30 
30.18 

D. 1". 



O08. 



9.999 404 
•999398 
999 391 
-999 384 
•999 378 

9^999 371 
•999 364 
•999 357 
.999 350 
.999343 

9-999 336 

•999 329 
.999 322 

•999315 
•999 308 

9-999 301 
.999294 

•999 287 
•999 279 
•999 272 

9.999 265 

•999 257 
.999 250 
.999242 
.999 235 

9.999 227 
.999 220 
.999 212 
•999 205 
•999 197 

9.999189 
.999 181 

-999 174 
.999 166 

-999 158 

9.999 150 

•999 142 

•999 134 
.999 126 

.999 118 

9.999 1 10 
.999 102 

-999 094 
.999 086 

•999077 

9.999 069 
.999 061 

•999 053 

•999 044 

•999 036 

9.999 027 

•999019 
.999 010 

.999 002 

•998 993 

9.998 984 

-998 976 
.998 967 
.998 958 
.998 950 

9^998 941 

Sin. 



D. 1". 



o 

2 
2 
o 

2 

2 
2 
2 
2 

2 

2 
2 
2 
2 
2 

2 

2 

3 
2 

2 

3 
2 

3 

2 

3 

2 

3 

2 

3 
3 

3 

2 

3 
3 
3 

3 
3 
3 
3 
3 

3 
3 
3 
5 
3 

3 
3 
5 
3 
5 

3 

5 
3 
5 
5 

3 
5 
5 
3 
5 



D. 1". 



Tan. 



8. 



8 



8. 



8. 



8. 



8. 



8.719396 
21806 
24204 
26 588 
28 959 

31 317 
33663 

35 996 

38317 
40 626 

42 922 
45 207 
47 479 
49 740 
51989 

54 227 

56453 
58 668 

60872 

63065 

65 246 
67417 

69578 
71727 

73 866 

75 995 
78 114 

80222 

82320 

84408 

86486 

88 554 
90613 
92 662 

94 701 

96731 
.98 752 
.800763 
.802 765 
.804 758 

8.806 742 
.808 717 
.810683 
.812641 
.814 589 

8.816 529 
.818461 
.820 384 
.822 298 
.824 205 

8.826 103 
.827 992 
.829 874 
.831 748 
.833613 

8.835471 

•837 321 
.839 163 
.840 998 
.842 825 

8.844 644 
Got. 



8 



D. 1". 



40.17 
39-97 
39.73 
3952 
39-30 
39.10 
38.88 
38.68 
38.48 
38^27 
38.08 

37.87 
37.68 

3748 
3730 

37.10 
36.92 

36^73 
36.55 
36.35 
36.18 
36.02 
35.82 

35.65 
3548 

35-32 

35.13 

34-97 
34.80 

34.63 

34-47 
34.32 

34.15 
33.98 

33.83 

33-68 

33-52 

33.37 
33.22 

3307 

32.92 

32.77 
32.63 

32^47 
32.33 
32.20 
32.05 
31.90 

31-78 
3«.63 

31.48 

3>.37 

3123 
31.08 

30.97 
30.83 
30.70 
30.58 

30.45 
30.32 

D. 1". 



Got. 



1.280604 


60 


.278 194 


59 


.275 796 


58 


.273412 


57 


.271 041 


56 


1.268683 


55 


.266 337 


54 


.264 004 


53 


.261 683 


5a 


.259 374 


51 


1.257078 


50 


•254 793 


49 


•252 521 


48 


.250 260 


47 


.248011 


46 


1-245 773 


45 


•243 547 


44 


.241 332 


43 


.239 1 28 


4a 


•236 935 


41 


1.234754 


40 


-232 583 


39 


.230 422 


38 


.228 273 


37 


.226134 


36 


1.224005 


35 


.221 886 


34 


.219 778 


33 


.217680 


3a 


.215592 


31 


1.213514 


30 


.211 446 


29 


.209 387 


28 


.207 338 


27 


.205 299 


26 


1.203 269 


25 


.201 248 


a4 


.199237 


a3 


.197 235 


22 


.195 242 


21 


1. 193 258 


20 


.191 283 


19 


.189317 


18 


.187 359 


17 


.185411 


16 


1. 183 471 


15 


.181 539 


14 


.179616 


13 


.177 702 


12 


•175 795 


II 


1. 173 897 


10 


.172008 


9 


.170 126 


8 


.168 252 


7 


.166387 


6 


1. 164 529 


5 


.162679 


4 


.160837 


3 


.159002 


2 


•157 175 


I 


1. 155 356 






Tan. 



M. 



** 



86 



p 
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40 



Sin. 



D. 1". 






8.843 585 


I 


.845 387 


2 


.847 183 


3 


.848 971 


4 


.850751 


5 


8.852 525 


6 


.854 291 


7 


.856 049 


8 


.857 801 


9 


.859 546 


10 


8.861 283 


II 


.863 014 


12 


.864 738 


13 


.866 455 


14 


.868 165 


15 


8.869 868 


16 


.871 565 


17 


•?73 25s 


18 


.874 938 


19 


.876615 


20 


8.878 285 


21 


.879 949 


22 


.881 607 


23 


.883 258 


24 


.884 903 


25 


8.886 542 


26 


.888174 


27 


.889 801 


28 


.891 421 


29 


.893 035 


30 


8.894 643 


31 


.896 246 


32 


.897 842 


33 


.899 432 


34 


.901 017 


35 


8.902 596 


36 


. .904 169 


37 


.905 736 


38 


.907 297 


39 


.908853 


40 


8.910404 


41 


.911949 


42 


.913488 


43 


.915022 


44 


.916 550 


45 


8.918073 


46 


.919591 


47 


.921 103 


48 


.922 610 


49 


.924 112 


50 


8.925 609 


51 


.927 100 


52 


.928 587 


53 


.930 068 


54 


•931 544 


55 


8.933015 


56 


.934481 


57 


.935 942 


58 


•937 398 


59 


.938 850 


60 


8.940 296 



Oosi 



3003 

29.93 
29.80 

29.67 

29.57 

2943 
29.30 

29.20 

29.08 

28.95 

28.85 

28.73 
28.62 

28.50 

28.38 

28.28 
28.17 
28.05 
27.95 

27.83 

2773 
27.63 

27.52 
27.42 
27.32 
27.20 
27.12 
27.00 
26.90 
26.80 

26.72 
26.60 
26.50 
26.42 
26.32 

26.22 
26.12 
26.02 

25.93 
25.85 

25.75 
25.65 

25-57 
25.47 
25.38 

25.30 
25.20 
25.12 

25-03 
24.95 
24.85 
24.78 
24.68 
24.60 
24.52 

24.43 

24.35 
24.27 

24.20 

24.10 

D. 1". 



O08. 



9.998 941 
.998 932 

•998 923 
.998 914 

.998 905 
9.998 896 
.998 887 
.998 878 
.998 869 
.998 860 

9.998851 
.998 841 
.998 832 
.998 823 
.998813 

9.998 804 

.998 795 
.998 785 

•998 776 
.998 766 

9.998 757 
.998 747 

.998 738 
.998 728 
.998 718 

9.998 708 
.998 699 
.998 689 
.998 679 
.998 669 

9.998 659 
.998 649 
.998 639 
.998 629 
.998 619 

9.998609 

.998 599 
.998 589 
.998578 

.998 568 

9.998 558 
.998 548 
.998 537 
.998 527 
.998516 

9.998 506 

.998 495 
.998 485 

.998 474 
.998 464 

9.998 453 
.998 442 
.998431 
.998 421 
.998 410 

9998 399 
.998 388 

.998 377 
.998366 

•998 355 

9998 344 

Sin. 



D. 1". 



5 
5 
5 
5 
5 

5 
5 
5 
5 
5 

7 
5 
5 
7 
5 

5 
7 
5 
7 
5 

7 
5 
7 
7 
7 

5 
7 
7 
7 
7 

7 
7 
7 
7 
7 

7 

7 
8 

7 
7 

7 
8 

7 
8 

7 
8 

7 
8 

7 
8 

8 
8 

7 
8 

8 

8 
8 
8 
8 
8 



D. 1". 

86^ 



Tan. 



8.844 644 

.846 455 
.848 260 
.850057 
.851 846 

8.853 628 

.855 403 
.857171 

•858 932 

.860 686 

8.862 433 
.864 1 73 
.865 906 
.867 632 
.869351 

8.871 064 
.872 770 
.874 469 
.876 162 

.877 849 
8.879 529 
.881 202 
.882 869 
.884 530 
.886 185 

8.887 833 
.889 476 
.891 112 
.892 742 
.894 366 

8.895 984 

.897 596 
.899 203 
.900803 
.902 398 

8.903 987 
.905 570 
.907 147 
.908 719 
.910 285 

8.91 1 846 
.913401 

.914951 
.916495 

.918034 

8.919 568 
.921 096 
.922619 
.924 136 

-925 649 

8.927 156 

.928 658 

.930 155 
.931 647 

•933 134 

8.934616 

.936 093 

.937 565 
.939 032 
.940 494 

8.94' 952 
Got. 



D. 1". 



30.18 
30.08 

2995 
29.82 

29.70 
29.58 

29.47 

29.35 
29.23 

29.12 

29.00 
28.88 

28.77 
28.65 

28.55 

28.43 
28.32 
28.22 
28.12 
28.00 

27.88 

27.78 
27.68 
27.58 

27-47 

27-38 
27.27 
27.17 
27.07 
26.97 

26.87 
26.78 
26.67 
26.58 
26.48 

26.38 
26.28 
26.20 
26.10 
26.02 

25.92 

25-83 

25-73 
25.65 

2557 

25.47 
25.38 
25.28 
25.22 
25.12 

25-03 

2495 
24.87 

24.78 

24.70 

24.62 

24^53 

24.45 

24.37 
24.30 

D. 1". 



Oct. 



55356 

53 545 
51740 

49 943 
48154 

46372 

44 597 
42 829 

41 068 
39314 

37567 
35827 

34094 
32368 

30649 

28936 
27 230 

25531 
23838 
22 151 

20471 
18798 

17 131 
15470 

13815 
12 167 
10524 
08888 
07 258 
05634 
04016 
02404 
00797 
099197 
097602 

096013 
094430 
092853 
091 281 
089 715 

088 154 
086 599 
085 049 

083 505 
081 966 

080432 
078 904 
077 381 
075 864 

074351 
072 844 
071 342 
069 845 
068 353 
066866 

065 384 
063907 
062 435 
060968 
059 506 
058 048 

Tan. 



60 

59 
58 

57 
56 

55 
54 
53 
52 
51 
50 

49 
48 

47 
46 

45 

44 

43 
42 

41 
40 

39 
38 

37 
36 

35 
34 
33 
32 
31 
30 

29 
28 

27 

26 

25 
24 
23 
22 
21 

20 

19 
18 

17 
16 

15 

14 

13 
12 

II 

10 

9 
8 

7 
6 

5 

4 

3 

2 

I 
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6^ 



o 
I 
s 

3 
4 

5 
6 

7 
8 

9 
lO 
II 
la 

13 
14 

15 
i6 

17 
i8 

19 



21 



?3 

24 

as 

26 

27 

28 

29 

30 

31 
32 

33 
34 

35 
36 
37 
3« 
39 
40 
41 
4* 
43 



45 
46 
47 
48 
49 

50 
51 
5* 
53 
54 

55 
56 
57 
5« 
59 
60 



D.l*. 



8.940296 

^ 73S 
-943174 

.944606 

-940034 

&-947456 

-94^»74 
.950 2S7 

.951696 
J953100 

8.954499 

-^55^94 

-957284 
J958670 

.960052 

8.961429 
J962801 

.964170 
.965534 
.966893 
8.96S249 
.969600 

-970947 
^72289 

.973628 

8.974962 
.976293 
.977 619 
.978941 
.980259 

8^1573 
.982883 

.984189 

.985491 
.986789 

8.988083 

.989374 
.990660 

.991943 
.993222 

8.994497 
^5768 

.997036 
.998299 
.999560 

9JOO0816 
X)02o69 
.003318 
.004563 
X05805 

9xx>7044 
.008278 
.009510 
.010 737 
.011 962 

9.013 182 
.014400 
.015 613 
.016 824 
.018 031 

9019 235 
Got. 



24-03 

2S-S7 
25.S0 

23-70 

25^63 

23-55 

23-»8 



23^32 

2>25 

23-*7 
23.10 

23X>3 

22.95 

22.87 

22.87 
22.73 
22.65 



22.52 
22-45 

22.37 



22-23 
22.18 

22.10 

22J03 
21.97 
21.90 

21.83 
21.77 
21.70 
21.63 

21.57 
21.52 

21-43 
21.38 

21.32 

21.25 

21.18 
21.13 
2IJ05 

2Ij02 
20.93 
20.88 
20.82 
20.75 
2070 
20.65 

20.57 
20.53 

2045 
2042 

20.33 
20.30 
20.22 
20.18 
20.12 
20.07 

D. 1". 



D-l". 



9.9Ci$344 

-9^553 

.99S322 

.QySjII 
.99S3OO 

9.90S2S9 

-908277 
.99^260 

-9SA255 
-99&243 

9.998232 
J99S220 
.99&209 

-99S197 
.99S1S6 

9.998 174 
.998 163 
.99S151 

-998139 
.998128 

9.998 116 
-998104 
-998092 
.998080 
.998068 

9.998056 
.998044 
.998032 
.998020 
.998008 

9-997996 

-997984 
.997 972 

.997 959 
-997 947 

9-997 935 
.997 922 
-997 910 
.997897 
.997885 

9.997 872 
.997860 

.997847 

.997 835 
.997 822 

9.997809 

.997 797 
.997784 
-997 771 
.997 758 

9-997 745 
.997 732 
.997 719 

.997706 

.997693 

9.997680 

.997667 

•997 654 
.997641 

.997628 
9.997 614 

Sin. 



.iS 
-iS 
.iS 

.1$ 
.18 



.iS 

.18 

.20 

.18 



.18 

.20 

.18 

.20 

.18 



.18 



.20 



.22 

.20 



.22 
.20 
.22 
.20 
.22 

.20 
.22 
.20 
.22 
.22 

.20 
.22 
.22 
.22 
.22 

.22 
.22 
.22 
.22 
.22 

.22 
.22 
.22 
.22 

•23 
D. 1". 



J^V, 



SuOii 052 

.944 S52 
.940295 

947 734 

8.949 1 68 
-950 507 

.952 C2I 
-953441 

-954 S56 
8.9^6 267 

957 674 
•959075 

.9«>4T3 
.961 Soo 

8.963 255 
.964639 
.960019 

-967394 
.96S766 

8.970133 
.971 496 

-972 855 
-974209 

.975 560 

8.976906 

.978248 

.979586 
.9S0921 
.9S2251 

8.983 577 

.984899 
.986217 

-987532 
.988842 

8.990149 

.991 45» 
.992 750 

.994045 
•995 337 

8.996624 
.997908 
.999188 

9.000465 
jooi 738 

9JO03007 
.004272 

.005534 
XX36 792 

xx>8o47 

9.009298 
.010 546 
.011 790 
.013031 
x>i4 268 

9.015 502 
.016 732 

.017959 
.019 183 

.020 403 
9.021 620 

Got 



24-13 

24^ 
23.9^ 

2SS2 

23-73 

23-t.7 

23.>S 
23^52 
23-45 

23-30 
23-22 

23-«5 

23X» 

22.02 
22.S7 
22.7$ 

22.72 

22.6> 

22^57 
22.52 

22.37 
22.30 

22.25 

22.17 

22.10 

22X>3 
21.97 
21.92 
2I.S3 
21.78 

21.70 
21.6^ 

21.58 
21.53 

21-45 
21.40 
21.33 
21.28 
21.22 
21.15 

21.08 
21.03 
20,97 
2092 
20.85 

2a8o 

20.73 
20.68 

20.62 

20.57 

20.50 
20.45 
20.40 

20.33 
20.28 

D. 1". 



Ix»5^Q4^ 

x>5t>5oo 

^053 ?«; 

IJO5CS32 

woic,«c3 

jO**CC 

jo^r 550 

'C45>44 

ixit5 *io 
j04i5af 

xu|C925 
jC*3o 5^7 

ix>36 74> 

j?35 i!M 

jo^;i5 oSi 

j032t«> 

.02S504 
^027145 
J025791 
.02^4^ 

ixu30Kk4 
j02i 752 
jox>4i4 

jOIOC"VJ 

.017749 

1.010423 

.01 > 101 

-013 :S3 
.012 40$ 
.011 15S 

1.000 85 1 
.008549 
.007 250 

-005955 

J004«>3 

1,003 376 

.002002 

.000 Si 2 

0^999 535 
.99S262 

o^9<^993 
.995 728 
.994466 
.993208 

.991 953 
a990 702 

•9S9454 
.9S8210 

.9S6969 
.985 732 
a984498 
.983268 
.982041 
.980817 

.979 597 
0.978 380 

Tui. 



5« 
57 

SS 
S4 
SS 
5» 

5« 

47 



4» 

4X 



It 

37 
1< 

3S 
34 
33 
3« 

3X 

3* 

^ 

•T 
s6 

«S 
M 
«3 

MX 



19 

x8 

X7 
x6 

«5 

H 

13 
12 

II 
10 

9 

8 

7 
6 

5 
4 

3 

a 
I 



84 



o 
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6° 



M. 



Sin. 



o 


9.019235 


I 


.020 435 


2 


.021 632 


3 


.022 825 


4 


.024016 


5 


9.025 203 


6 


.026 386 


7 


.027 567 


8 


.028 744 


9 


.029 918 


zo 


9.031 089 


II 


.032 257 


12 


.033 421 


13 


.034 582 


14 


•035 741 


15 


9.036 896 


i6 


.038 048 


17 


.039 197 


i8 


.040 342 


19 


.041 485 


20 


9.042 625 


21 


.043 762 


22 


.044 895 


23 


.046 026 


24 


.047 154 


25 


9.048 279 


26 


.049 400 


27 


.050519 


28 


•051 635 


29 


.052 749 


30 


9-053 859 


31 


.054966 


32 


.056071 


33 


.057 172 


34 


.058 271 


35 


9.059 367 


36 


.060460 


37 


.061 551 


38 


,062 639 


39 


.063724 


40 


9.064 806 


41 


.065 885 


42 


.066 962 


43 


,068 036 


44 


.069 107 


45 


9.070 176 


46 


.071 242 


47 


.072 306 


48 


.073 366 


49 


.074 424 


50 


9.075 480 


51 


.076 533 


52 


.077 583 


53 


.078 631 


54 


.079 676 


55 


9.080 719 


56 


.081 759 


57 


.082 797 


58 


.083 832 


59 


.084 864 


60 


9.085 894 



G08. 



D. 1". 



20.00 

9.95 
9.88 

9.85 

9.78 

9.72 
9.68 
9.62 

9.57 
9.52 

9.47 
9.40 

9.35 
9.32 
9.25 

9.20 

915 
9.08 

9.05 

9.00 

8.95 
8.88 
8.85 
8.80 
8.75 

8.68 
8.65 
8.60 
8.57 
8.50 

8.45 
8.42 

8.35 
8.32 
8.27 

8.22 
8.18 
8.13 
8.08 
8.03 

7.98 

7-95 
7.90 

7.85 

7.82 

7-77 

7-73 
7.67 

763 
7.60 

7-55 
7.50 

7.47 
7.42 

7.38 

7-33 

7-30 

7-25 
7.20 

7.17 



D. 1". 



G08. 



9.997 614 
•997 601 
•997 588 
•997 574 
•997 561 

9^997 547 

•997 534 
.997 520 

•997 507 
.997 493 

9.997 480 
•997 466 
.997 452 
.997 439 
•997 425 

9.997 41 1 

.997 397 
.997 383 
•997 369 
•997 355 

9-997 341 
•997 327 
-997 313 
•997 299 
•997 285 

9.997 271 

.997 257 
•997242 
.997 228 

•997 214 

9.997 199 
•997 185 

•997 170 
.997 156 

•997 141 
9.997 127 
.997 112 
.997 098 
.997 083 
.997068 

9-997 053 

.997 039 
.997 024 

.997009 

.996 994 

9.996 979 
.996 964 
.996 949 

•996 934 
.996919 

9.996 904 
.996 889 
.996 874 
.996 858 
.996 843 

9.996 828 
.996812 
.996 797 
.996 782 
.996 766 

9^996 75 ' 
Sin. 



D. 1". 



.22 
.22 

•23 
.22 

.23 
.22 

-23 
.22 

•23 
.22 

•23 

•23 
.22 

-23 
•23 

.23 
•23 
-23 
-23 
.23 

.23 
•23 
.23 
.23 
.23 

-23 
-25 
•23 
.23 

•25 

•23 
•25 
•23 
•25 
.23 

.25 
•23 
•25 
-25 
.25 

•23 
•25 
.25 

'25 

.25 

•25 
•25 
•25 
•25 
•25 

-25 

•25 
.27 

•25 
-25 

-27 
•25 
•25 
•27 
•25 



// 



D. 1 



830 



Tan. 



9.021 620 
.022 834 
.024 044 
.025 251 
•026455 

9.027 655 
.028 852 
.030 046 
.031 237 
.032425 

9033 609 
•034 791 

.035 969 
.037 144 

.038 316 

9-039 485 
.040651 

.041 813 

.042 973 

.044130 

9.045 284 
.046 434 
.047 582 
.048 727 
.049 869 

9.051 008 
.052 144 

•053 277 
.054 407 

.055 535 
9.056 659 
.057 781 
.058900 
.060016 
.061 130 

9.062 240 
.063 348 
.064 453 
.065 556 
.066 655 

9.067 752 
.068 846 
.069938 
.071 027 
.072 113 

9.073 197 
.074 278 

-075 356 
.076 432 

.077 505 

9.078 576 

•079 644 
.080 710 

.081 773 

.082 833 

9.083 891 
.084 947 
.086000 
.087 050 
.088 098 

9.089 144 
Got. 



D. 1". 



20.23 
20.17 
20.12 
20.07 
20.00 

9-95 
9.90 

9.85 

9.80 

9.73 
9.70 

9.63 
9.58 

9-53 
9.48 

943 

9-37 

9^33 
9.28 

923 

9.17 

9.13 
9.08 

9-03 
8.98 

8.93 
8.88 

8.83 

8.80 

8.73 
8.70 
8.65 
8.60 
8.57 
8.50 

8.47 
8.42 

8.38 

8.32 

8.28 

8.23 
8.20 
8.15 
8.10 
8.07 

8.02 

7-97 
7.93 
7.88 

7.85 

7.80 

7-77 
7.72 

7.67 

7-63 

7.60 

7.55 
7.50 

7-47 
7-43 

D. 1". 



Got. 



0.978 380 
.977 166 

•975 956 
.974 749 
•973 545 

0.972 345 
.971 148 

.969 954 
.968 763 

•967 575 
0.966 391 
.965 2O9 
.964 031 
.962 856 
.961 684 

0.960515 

•959 349 
.958 187 

.957 027 

•955 870 

0.954 716 

•953 566 
.952418 

•951 273 

.950 131 

0.948 992 

.947 856 

.946 723 

•945 593 
•944 465 

0.943 341 
.942 219 

.941 100 

•939 984 
.938 870 

0.937 760 
.936 652 

•935 547 
.934444 

.933 345 
0.932 248 

.931 154 
.930062 

.928 973 

.927 887 

0.926 803 
.925 722 
.924644 
.923 568 
.922 495 

0.921 424 
.920 356 
.919 290 
.918227 
.917 167 

0.916 109 

•915053 
.914000 

.912950 

.911 902 

0.910 856 
Tan. 



60 

59 
58 
57 
56 

55 
54 
53 
52 

51 

50 

49 
48 

47 
46 

45 
44 
43 
42 
41 
40 

39 
38 
37 
36 

35 
34 
33 
32 
31 

30 
29 

28 

27 
26 

25 

24 
23 

22 

21 

20 

Z9 
18 

17 
16 

15 

14 

13 
12 

II 

ID 

9 
8 

7 
6 

5 

4 

3 

2 

I 



M. 
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70 



M. 



Sin. 






9.085 894 


I 


.086 922 


2 


.087 947 


3 


.088 970 


4 


.089990 


5 


9.091 008 


6 


.092 024 


7 


•093 037 


8 


.094 047 


9 


.095 056 


10 


9.096 062 


ZI 


.097 065 


12 


.098 066 


13 


.099 065 


14 


.100062 


15 


9.101 056 


16 


. 102 048 


17 


•103037 


18 


.104025 


19 


.105010 


20 


9.105992 


21 


.106973 


22 


.107951 


23 


.108 927 


24 


.109901 


as 


9. 1 10 873 


26 


.III 842 


27 


.112809 


28 


"3 774 


29 


•"4 737 


30 


9.115 698 


31 


.116656 


32 


.117613 


33 


.118567 


34 


.119519 


35 


9.120469 


36 


.121 417 


37 


.122 362 


38 


.123306 


39 


.124248 


40 


9.125 187 


41 


.126 125 


42 


.127060 


43 


.127993 


44 


.128925 


45 


9.129854 


46 


.130781 


47 


.131 706 


48 


.132630 


49 


.133551 


50 


9134470 


51 


•135 387 


52 


.136303 


53 


.137216 


54 


.138 128 


55 


9.139037 


56 


.139944 


57 


.140 850 


58 


.141 754 


59 


.142 655 


60 


9-H3 555 



D. 1". 



Oos. 



1713 
17.08 

17.05 

17.00 

16.97 

16.93 
16.88 
16.83 
16.82 
16.77 

16.72 
16.68 
16.65 
16.62 
16.57 

16.53 
16.48 
16.47 
16.42 

16.37 

16.35 
16.30 

16.27 

16.23 

16.20 

16.15 
16.12 
16.08 
16.05 
16.02 

15.97 

15.95 
15.90 

15.87 

15.83 
15.80 

15.75 
1573 
15.70 

15.65 

15.63 
15.58 

15-55 

15.53 
15.48 

15.45 
15.42 

15.40 

15.35 
15.32 

15.28 
15.27 
15.22 
15.20 
15.15 

15.12 
15.10 
15.07 
15.02 
15.00 

D. 1". 



O08. 



9.996751 

.996 735 
.996 720 

.996 704 
.996 688 

9.996 673 
.996 657 
.996 641 
.996 625 
.996 610 

9.996 594 

.996 578 
.996 562 

.996 546 
.996 530 

9.996514 
.996 498 
.996 482 
.996 465 
.996449 

9996 433 
.996417 

.996 400 

.996 384 

.996 368 

9-996351 
.996 335 
.996318 
.996 302 
.996 285 

9.996 269 
.996 252 
.996 235 
.996 219 
.996 202 

9.996 i8j 
.996 168 
.996 151 

•996 134 
.996 117 

9.996 100 
.996 083 
.996 066 
.996 049 
.996032 

9.996015 

.995 998 
•995 980 
.995 963 
-995 946 
9.995 928 
.995911 
.995 894 
.995 876 

.995 859 
9.995 841 

.995 823 
.995 806 
.995 788 
•995 771 

9-995 753 

Sin. 



D. 1". 



.27 
•25 
.27 
.27 
•25 

.27 

.27 

.27 

•25 
.27 

.27 

.27 

.27 
.27 

•27 

.27 

•27 
.28 

.27 
•27 

.27 
.28 

.27 

•27 
.28 

•27 
.28 

•27 
.28 

•27 
.28 
.28 

.27 
.28 

.28 

.28 
.28 
.28 
.28 
.28 

.28 
.28 
.28 
.28 
.28 

.28 

.30 
.28 
.28 

.30 
.28 
.28 

.30 
.28 

.30 

.30 
.28 

.30 
.28 

.30 
D. 1". 

"82^ 



Tan. 



9.089 144 

090 187 

091 228 
092266 

093 302 

094 336 

095 367 

096395 
097422 

098446 

099468 
00487 
01 504 
02519 
03532 

04542 

05550 
06556 

07559 
08560 

09559 
10556 

II 551 

12543 
13533 
14 521 
15507 
16 491 
17472 
18452 

19429 
20404 

21377 
22348 

23317 
24284 

25249 

26 21 1 

27 172 

28 130 

29087 
30041 

30994 

31944 
32893 

33839 
34784 
35726 
36667 
37605 

38542 

39476 
40409 

41340 
42 269 

43196 
44 121 

45044 
45966 

46885 
47803 
Got. 



D. 1". 



7.38 

7.35 
730 
7.27 

7-23 

7.18 

7.13 
7.12 

7.07 
703 
6.98 

6.95 
6.92 

6.88 

6.83 

6.80 

6.77 
6.72 

6.68 

6.65 

6.62 
6.58 

6.53 
6.50 

647 

6.43 
6.40 

6.35 

6.33 
6.28 

6.25 
6.22 
6.18 
6.15 
6.12 

6.08 
6.03 
6.02 

5-97 
5-95 
5.90 
5.88 

5-83 
5.82 

5-77 

5-75 
5.70 

5.68 

5.63 
5.62 

5-57 
5.55 
5.52 
5.48 

5-45 
542 
5.38 

5-37 
532 
530 



D. 1". 



Got. 



0.910 856 
.909813 
.908772 

•907734 
.906698 

0.905 664 

•904 633 
.903605 

.902 578 

•901 554 

0.900 532 

•899513 
.898 496 

.897 481 

.896468 

0.895 458 
.894 450 
.893444 
.892 441 
.891 440 

0.890 441 
.889444 
.888449 

•887457 
.886467 

0.885 479 
.884 493 
.883 509 
.882 528 
.881 548 

0.880571 

.879 596 
.878 623 
.877 652 
.876 683 

0.875 7*6 

.874751 
.873 789 
.872 828 

.871 870 

0.870913 
.869 959 
.869006 
.868 056 
.867 107 

0.866 161 
.865 216 
.864 274 
•863 333 
.862 395 

0.861 458 
.860 524 

.859 591 
.858 660 

.857 731 
0.856 804 
.855 879 
.854 956 
.854 034 
.853115 
0.852 197 

Tan. 



60 

59 
58 

57 
56 

55 
54 
53 
52 
51 

50 

49 
48 

47 
46 

45 
44 
43 
42 
41 
40 

39 
38 

37 
36 

35 
34 
33 
32 
31 
30 

29 

28 
27 
26 

25 
24 
23 
22 

21 

20 

19 
18 

17 
z6 

15 

14 

13 
12 

II 

10 

9 
8 

7 
6 

5 
4 

3 

2 

I 



M. 
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8P 



O 

z 

2 

3 

4 

5 
6 

7 
8 

9 

10 

II 
la 

13 
14 

15 
i6 

17 
i8 

19 

20 
21 
22 

23 

24 

25 
26 

27 

28 

29 

30 

31 
32 

33 
34 

35 
36 
37 
38 
39 
40 

41 
42 

43 
44 

45 
46 

47 
48 

49 
50 

51 
52 
53 
54 

55 
56 
57 
58 

59 
60 



Sin. 



43 555 

44 453 

45 349 
46243 

47136 

48026 

48915 

49802 

50686 

51569 

52451 

53330 
54208 

55083 

55 957 

56830 

57700 

58569 

59 435 
60301 

61 164 
62025 
62885 

63743 
64600 

65454 
66307 

67159 

68008 

68856 

69 702 

70547 

71389 
72230 

73070 

73908 

74 744 

75578 
76 41 1 

77242 

78072 
78900 
79 726 
80551 

81374 
82 196 
83016 

83834 
84651 

85466 

86280 
87092 

87903 
88712 

89519 

90325 
91 130 

91933 
92734 
93 534 

9194332 
O08. 



D. 1". 



4.97 

4-93 
4.90 

4.88 

483 

4.82 

4.78 

4.73 
4.72 

4.70 

4.65 

4.63 
4.58 

4.57 
4.55 

4-50 
4.48 

4.43 
443 
4.38 

4.35 
4.33 
4.30 
4.28 

4.23 
4.22 
4.20 
4.15 

4.13 
4.10 

4.08 

4-03 
4.02 
4.00 

3.97 

3.93 
3-90 
3.88 

3.85 
3.83 
3.80 

3-77 
3.75 
3-72 
370 

3.67 

3.63 
3.62 

358 

3-57 

3.53 
352 
3.48 

345 
343 

342 
3.38 

3.35 
3-33 
3-30 



D. 1". 



Oos. 



9.995 753 
•995 735 
•995 717 
.995699 
.995681 

9.995 664 
.995 646 

.995 628 
.995 610 

.995 591 

9.995 573 
.995 555 
.995 537 
.995 519 
.995 501 

9.995 482 

•995 464 
.995 446 
•995 427 
•995409 

9-995 390 
•995 372 
•995 353 
•995 334 
•995 316 

9.995 297 
.995 278 
•995 260 
•995 241 
•995 222 

9.995 203 

•995 184 
.995 165 
.995 146 
.995 127 
9.995 108 
•995 089 
•995 070 
.995051 
.995 032 

9.995 013 
.994 993 
.994 974 
.994955 
.994 935 

9.994916 
•994 896 
•994 877 
•994 857 
•994 838 

9.994818 
.994 798 

•994 779 
•994 759 
•994 739 
9.994 720 
.994 700 
.994 680 
.994660 
.994 640 

9.994 620 



D. 1 



n 



30 
30 
30 
30 
28 

30 
30 
30 
32 
30 

30 
30 
30 
30 
32 

30 
30 
32 
30 
32 

30 
32 
32 
30 
32 

32 
30 
32 
32 
32 

32 
32 
32 
32 
32 

32 
32 
32 
32 
32 

33 
32 
32 
33 
32 

33 
32 
33 
32 
33 

33 
32 
33 
33 
32 

33 
33 
33 
33 
33 



D. 1". 



Tan. 



9- 



9- 



47803 
48718 
49632 
50544 
5 1454 

52363 
53269 

54174 
55077 
55978 

56877 

57 775 
58671 

59565 
60457 

61347 
62236 

63 123 

64008 

64892 

65774 
66654 

67532 
68409 
69284 

70157 
71 029 
71899 
72767 

73634 

74 499 
75362 
76224 

77084 
77942 

78799 
79655 
80508 
81360 
82 211 

83059 
83907 
84752 
85597 
86439 
87280 
88120 
88958 

89794 
90629 

91 462 

92 294 
93124 

93 953 
94780 

95 606 

96430 

97253 
98074 

98894 

9^199 7^3 
Got. 



9- 



D. 1". 



15.25 

15-23 
15.20 

15.17 
15.15 

15.10 
15.08 
15.05 
15.02 
14.98 

14.97 

14.93 
14.90 

14.87 

14^83 

14.82 

14.78 

^•75 

14-73 
14.70 

14.67 
14.63 
14.62 
14.58 

^•55 

M.53 
14.50 

14.47 

14.45 
14.42 

14.38 
14.37 

14.33 
14.30 

14.28 

14.27 
14.22 
14.20 
14.18 

141 3 

14.13 
14.08 

14.08 

14.03 

14.02 

14.00 

13.97 

13-93 
13.92 

13.88 

1387 
13.83 
13-82 

13.78 
13.77 

13-73 
13.72 
13-68 

1367 
13.65 

D. 1". 



Got. 



0.852 197 


60 


.851 282 


59 


.850 368 


58 


-849 456 


57 


.848 546 


56 


0.847 637 


55 


.846 731 


54 


.845 826 


53 


.844923 


52 


.844022 


51 


0.843 123 


50 


.842 225 


49 


.841 329 


48 


.840 435 


47 


•839 543 


46 


0.838 653 


45 


.837 764 


44 


.836 877 


43 


.835 992 


42 


.835 108 


41 


0.834 226 


40 


•833 346 


39 


.832 468 


38 


•831 591 


37 


.830 716 


36 


0.829 843 


35 


.828971 


34 


.828 lOI 


33 


•827 233 


32 


.826 366 


31 


0.825 501 


30 


.824638 


29 


•823 776 


28 


.822916 


27 


.822 058 


26 


0.821 201 


25 


•820 345 


24 


.819492 


23 


.818640 


22 


.817789 


21 


0.816 941 


20 


.816093 


19 


.815 248 


18 


.814403 


17 


.813561 


z6 


0.812720 


15 


.811 880 


14 


.81 1 042 


13 


.810 206 


12 


.809371 


IZ 


0.808 538 


10 


.807 706 


9 


.806 876 


8 


.806 047 


7 


.805 220 


6 


0.804 394 


5 


.803 570 


4 


.802 747 


3 


.801 926 


2 


.801 106 


I 


0.800 287 






Tan. 
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9° 



O 

I 
2 

3 

4 

5 
6 

7 
8 

9 

lO 

II 
la 

13 
14 

15 
i6 

17 

i8 

19 

20 
21 
22 
23 
24 

25 
26 

27 

28 

29 

30 

31 
32 

33 

34 

35 
36 
37 
38 
39 
40 

41 
42 
43 
44 

45 
46 

47 
48 

49 

50 

51 
52 

53 
54 

55 
56 

57 
58 

59 

60 



Sin. 



9.194 332 
.195 129 

•195 925 
.196 719 

.197511 

9.198 302 
.199091 
.199879 
.200666 
.201 451 

9.202 234 
.203 01 7 
.203 797 
.204 577 
•205 354 

9.206 131 
.206906 
.207 679 
.208 452 
.209 222 

9.209 992 
.210 760 
.211 526 
.212 291 
.213055 

9.213 818 

..214 579 

•215 33^ 
.216097 

.216854 

9.217609 
.218 363 
.219 116 
.219 868 
.220618 

9.221 367 
.222 115 
.222 861 
.223 606 
.224 349 

9.225 092 
.225 833 
.226 573 
.227 311 
.228 048 

9.228 784 
.229 518 
.230 252 
.230 984 

.231 7JI5 

9.232 444 

.233 172 

.233 899 
.234 625 

•235 349 

9.236 073 

.236 795 

.2375^15 
.238 235 

•238 953 

9.239 670 

O08. 



D. 1". 



3.28 

3-27 
3-23 
3.20 

3.18 

3.15 

3-13 
3.12 

3.08 
3-05 

305 
3.00 
3.00 
2.95 

2.95 
2.92 
2.88 
2.88 
2.83 
2.83 

2.80 

2.77 

2.75 

2.73 
2.72 

2.68 
2.65 
2.65 
2.62 
2.58 

2.57 

2.55 

2.53 
2.50 

2.48 

2.47 

2.43 
2.42 

2.38 

2.38 

2.35 

2.33 
2.30 

2.28 

2.27 

2.23 
2.23 
2.20 
2.18 
2.15 

2.13 
2.12 
2.10 
2.07 
2.07 

2.03 
2.00 
2.00 
1.97 

1-95 



D. 1". 



Oos. 

9.994 620 
.994600 
.994580 
.994 560 
.994 540 

9-994519 
.994499 
.994 479 
•994 459 
.994 438 

9.994418 
.994 398 

•994 377 
•994 357 
.994 336 
9.994316 
.994 295 
.994 274 

.994 254 

.994233 

9.994 212 

•994 191 
.994171 

.994 150 

.994 129 

9.994 108 

.994087 

.994066 

.994 045 
.994 024 

9.994 003 

.993 982 
.993 960 

•993 939 
.993918 

9-993 897 
•993 875 
•993 854 
•993 832 
.993811 

9-993 789 
.993 768 

.993 746 

•993 725 

.993 703 

9.993 681 

•993 660 

•993 638 
.993616 

•993 594 

9.993 572 
•993 550 
.993 528 
.993 506 
.993 484 

9-993 462 
.993 440 
.993418 

.993 396 
.993 374 

9-993 35' 

Sin. 



D. 1". 



33 
33 
33 
33 
35 

33 
33 
33 
35 
33 

33 
35 
33 
35 
33 

35 
35 
33 
35 
35 

35 
33 
35 
35 
35 

35 
35 
35 
35 
35 

35 
37 
35 
35 
35 

37 
35 
37 
35 
37 

35 
37 
35 
37 
37 

35 
37 
37 
37 
37 

37 
37 
37 
37 
37 

37 
37 
37 
37 
38 



D. 1". 

80^ 



Tan. 



9-199 713 
.200529 

.201345 
.202 159 

.202 971 

9.203 782 
.204 592 
.205 400 
.206207 
.207013 

9.207817 
.208 619 
.209420 

.210 C20 
.211 018 

9.2II 815 
.212611 

.213405 
.214 198 

.214989 

9.215 780 
.216568 

.217356 
.218 142 
.218926 

9.219 710 
.220 492 
.221 272 
.222 052 
.222 830 

9.223 607 
.224 382 
.225 156 
.225 929 
.226 700 

9.227471 
.228 239 
.229 007 

•229 773 
.230 539 
9.231 302 
.232 065 
.232 826 
.233 586 

.234 345 
9235 103 

.235 859 
.236 614 

.237 368 

.238 120 

9.238 872 
.239 622 
.240 371 
.241 118 
.241 865 

9.242 610 

.243 354 
.244097 

.244 839 

.245 579 

9-246 3'9 

Got. 



D. 1". 



3.60 
3.60 

3-57 
3-53 
3-52 

350 
3.47 
345 
3.43 
340 

3-37 

3-35 

3-33 

3.30 
328 

3.27 
3-23 
3.22 

3^i8 
3-i8 

3-13 

3-13 
3.10 

3.07 
3.07 

3-03 
3.00 

3.00 

2.97 
2-95 
2.92 
2.90 
2.88 
2.85 
2.85 

2.80 
2.80 

2.77 

2-77 
2.72 

2.72 
2.68 
2.67 
2.65 
2.63 

2.60 
2.58 

2-57 
2.53 
2.53 
2.50 
2.48 
2.45 

2.45 
2.42 

2.40 
2.38 

2.37 
2^33 
2-33 



D. 1". 



Got. 



0.800 287 

99471 
98655 

97841 

97029 

96218 

95 408 
94600 

93 793 
92 987 

92183 

91381 
90580 
89780 
88982 

88185 

87389 

86595 
85802 

85 on 
84220 

83432 
82644 
81858 
81 074 

80290 
79508 
78728 

77948 
77170 

76393 
75618 

74844 
74071 

73300 

72529 
71 761 

70993 
70227 

69461 

68698 

67935 
67174 

66414 

65655 

64897 
64 141 

63386 

62632 

61880 

61 128 
60378 
59629 
58882 

58135 

57390 
56646 

55903 
55 161 

54421 
753 681 
Tan. 



60 

59 
58 
57 
56 

55 
54 
53 
52 
51 
50 

49 
48 

47 
46 

45 

44 

43 
42 

41 
40 

39 
38 

37 
36 

35 
34 
33 
32 
31 
30 
29 
28 

27 
26 

25 

24 
23 

22 

21 

20 

19 
18 

17 
16 

15 

14 

13 
12 

II 

10 

9 
8 

7 
6 

5 

4 

3 

' 2 

I 
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10° 



o 
I 

2 

3 

4 

5 
6 

7 
8 

9 
lo 
zi 

12 

13 
M 

15 
i6 

17 
z8 

19 

20 
21 
22 
23 

25 

26 

27 
28 
29 

30 
31 

32 

33 
34 

35 
36 

37 
38 
39 
40 

41 
42 
43 
44 

45 

46 

47 
48 

49 

50 
51 
52 
53 
54 

55 
56 

57 
58 
59 
60 



Sin. 



9.239 670 
.240 386 
.241 lOI 
.241 814 
.242 526 

9-243 237 

.243 947 
.244656 

•245 363 
.246069 

9.246 775 
.247 478 
.248 181 
.248 883 

.249 583 

9.250 282 

.250 980 

.251 677 

•252 373 
.253067 

9.253 761 

.254 453 

.255 144 

.255 834 
•256 523 

9.257 211 
.257 898 
.258 583 
.259 268 

•259951 
9.260 633 
.261 314 
.261 994 
.262 673 
.263351 

9.264 027 
.264 703 

■265 377 
.266051 
.266 723 

9.267 395 
.268 065 
.268 734 
.269 402 
.270069 

9.270 735 
.271 400 

.272 064 
.272 726 
.273 388 
9.274049 
.274 708 

.275 367 
.276 025 

.276681 

9.277 337 
.277991 

.278 645 

.279 297 

.279 948 

9.280 599 



D. 1". 



O08. 



.93 
.92 

.88 

.87 

.85 

.83 
.82 

.78 

•77 

.77 

.72 

.72 
.70 

.67 
.65 

.63 
.62 

.60 

.57 
.57 

.53 
.52 
.50 

.48 

•47 

•45 
.42 

•42 

.38 

•37 

.35 
•33 
•32 
•30 
•27 

.27 

.23 

•23 
.20 

.20 

.17 

.15 

•13 
.12 

.10 

.08 
.07 

.03 

•03 
.02 

0.98 
0.98 
0.97 

0.93 
0.93 
0.90 
0.90 
0.87 
0.85 
0.85 



O08. 



D. 1". 



9.993351 

•993 329 

•993 307 
.993284 

.993 262 

9.993 240 
.993217 

.993 195 
.993172 

.993 149 
9.993 127 

.993 104 
.993081 

.993 059 
•993 036 

9-993013 
.992990 

.992 967 

.992 944 
.992 921 

9.992 898 
•992 875 
.992 852 
.992 829 
.992806 

9992 783 
.992 759 
•992 736 
.992 713 
.992 690 

9.992 666 
.992 643 
.992 619 
.992 596 
.992 572 

9.992 549 
.992 525 
.992 501 
.992 478 

.992 454 
9.992 430 
.992 406 
.992 382 
.992 359 
.992 335 
9.992 31 1 
.992 287 
.992 263 
.992 239 
.992 214 

9.992 190 
.992 166 
.992 142 
.992 118 
.992093 

9.992 069 
.992 044 
.992 020 
.991 996 
.991 971 

9.991 947 



D. 1 



ff 



Sin. 



•37 
•37 
•38 
•37 
•37 

•38 
•37 
•38 
•38 
•37 
•38 
•38 
•37 
•38 
•38 

•38 
•38 
•38 
•38 
.38 

•38 
•38 
•38 
•38 
•38 

.40 

•38 
•38 
•38 

.40 

.38 
.40 

•38 

40 

•38 

.40 
.40 

•38 

.40 
.40 

40 
.40 

•38 

.40 
.40 

.40 
.40 
.40 
.42 
.40 

.40 
40 
.40 
.42 
.40 

.42 
.40 
.40 
.42 
.40 



Tan. 



D. 1". 

7^ 



9.246 319 
.247057 
.247 794 
.248 530 
.249 264 

9.249 998 
.250 730 
.251 461 
.252 191 
.252 920 

9.253 648 

.254 374 
.255 100 

.255 824 

.256 547 

9.257 269 
.257 990 
.258 710 

.259 429 
.260 146 

9.260 863 
.261 578 
.262 292 
.263 005 
.263717 

9.264 428 
.265 138 
.265 847 
.266 555 
.267 261 

9.267 967 
.268671 
.269 375 
.270077 
.270 779 

9.271 479 
.272 178 
.272 876 

.273 573 
.274 269 

9.274 964 
.275 658 

.276351 
.277 043 

.277 734 
9.278 424 
.279113 
.279 801 
.280488 
.281 174 

9.281 858 
.282 542 
.283 225 
.283 907 
.284 588 

9.285 268 
.285 947 
.286 624 
.287 301 
.287 977 

9.288 652 



D. 1". 



Got. 



Got. 



2.30 
2.28 
2.27 
2.23 
2.23 

2.20 
2.18 
2.17 
2.15 
2.13 

2.10 
2.10 
2.07 
2.05 
2.03 

2.02 
2.00 
1.98 

I -95 
1-95 
1.92 
1.90 
1.88 
1.87 
1.85 

1.83 
1.82 
1.80 
1.77 

1-77 

1-73 

173 
1.70 

1.70 

1.67 

1.65 
1.63 
1.62 
1.60 
1.58 

1-57 

1-55 

1.53 
1.52 

1.50 

148 
1.47 

1.45 

1-43 
1.40 

1.40 
1.38 
1-37 
'•35 
1-33 
1.32 
1.28 
1.28 
1.27 
1.25 



D. 1". 



0.753 681 

•752 943 
.752 206 

.751 470 
.750 736 
0.750 002 
•749 270 
.748 539 
.747 809 
.747 oi^o 

0.746352 
•745 626 
•744 9CO 
.744176 

•743 453 
0.742 731 
.742 010 
.741 290 
.740571 

•739 854 

0.739 137 
.738422 

•737 708 
•736 995 
.736 283 

0.735 572 
.734 862 
.734 153 
•733 445 
.732 739 

0.732 033 

•73 J 329 
.730 625 

.729 923 

.729 221 

0.728 q2I 
.727 822 
.727 124 
.726427 

.725 731 
0.725 036 

.724342 
.723 649 
.722957 
.722 266 

0.721 576 
.720 587 
.720 199 
.719512 
.718826 

0.718 142 

•717458 
.716775 
.716093 
.715412 
0.714732 
.714053 

•713 376 
.712699 

.712023 
0.71 1 348 



60 

59 
58 
57 
56 

55 
54 
53 
52 

51 
50 

49 
48 

47 
46 

45 



43 
42 
41 
40 

39 
38 

37 
36 

35 
34 
33 
32 
31 

30 
29 
28 
27 
26 

25 

24 

23 
22 

21 

20 

19 
18 

17 
z6 

15 

14 

13 
12 

zz 

zo 

9 
8 

7 
6 

5 

4 

3 

2 

z 



Tan. 
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IP 



Bin. 



D. 1". 



o 


9.280 599 


I 


.281 248 


a 


.281897 


3 


.282 544 


4 


.283190 


5 


9.283 836 


6 


.284480 


7 


.285 124 


8 


.285766 


9 


.286408 


xo 


9.287 048 


ZI 


.287688 


12 


.288 326 


13 


.288 964 


14 


.289600 


15 


9.290 236 


i6 


.290^70 


17 


.291 504 


i8 


.292 137 


19 


.292 768 


ao 


9-293 399 


ax 


.294 029 


22 


.294 658 


23 


.295 286 


24 


.295 913 


25 


9.296 539 


26 


.297 164 


27 


.297 788 


28 


.298412 


29 


.299034 


30 


9.299 655 


31 


.300 276 


32 


.300895 


33 


.301 514 


34 


.302 132 


35 


9.302 748 


36 


.303 364 


37 


•303 979 


38 


•304 593 


39 


.305 207 


40 


9.305 819 


41 


.306 430 


42 


.307 041 


43 


.307 650 


44 


.308 259 


45 


9308 867 


46 


.309 474 


47 


.310080 


48 


.310685 


49 


.311 289 


50 


9.3" 893 


51 


.312495 


52 


.313097 


53 


•313698 


54 


.3H 297 


55 


9.314897 


56 


•315495 


57 


.316092 


58 


.316689 


59 


.317284 


60 


9.317879 




Cos. 



0.82 
0.82 
0.78 

0.77 
0.77 

073 
073 

0.70 
0.70 
0.67 

0.67 
0.63 

0.63 

0.60 
0.60 

0.57 
0.57 
0.55 

0.52 

0.52 

0.50 
0.48 

0.47 
0.45 

043 

042 
0.40 
040 

037 
035 

0.35 

0.32 
0.32 
0.30 
0.27 

0.27 
0.25 
0.23 
0.23 
0.20 

0.18 
0.18 

0.15 
0.15 

0.13 

0.12 

O.IO 

0.08 
0.07 
0.07 

0.03 
0.03 
0.02 

9.98 

10.00 

9.97 

9.95 

9.95 
9.92 

9.92 



D. 1". 



Cos. 



9-99 
•99 
.99 
.99 
•99 

999 

.99 
.99 

•99 
.99 

9.99 
.99 

.99 
.99 

•99 

9-99 
•99 
•99 
•99 
•99 

9.99 
.99 
.99 
.99 
.99 

9.99 
.99 
.99 
.99 
.99 

999 
.99 
•99 
•99 
•99 

9.99 
.99 
.99 



947 
922 

897 

873 

848 

823 

799 
774 
749 
724 
699 
674 
649 
624 

599 

574 
549 
524 
498 

473 
448 
422 

397 
372 
346 
321 

295 
270 

244 
218 

193 

167 

141 

"5 
090 

064 
038 
012 



.990986 
.990960 

9.990 934 
.990908 
.990 882 
.990 855 
.990829 

9.990803 

.990 777 
.990 750 

.990724 
•990697 

9.990671 
.990645 
.990618 
.990 591 
.990 565 

9.990 538 
.990511 
.990 485 

•990 458 
.990431 

9.990 404 



Sin. 



D. 1". 



42 
.42 
40 
42 
42 

40 
42 
42 
42 
42 

42 

42 
.42 

42 
42 

42 
.42 

43 
42 
42 

43 
42 
.42 

.43 
.42 

43 
•42 

.43 

.43 
42 

43 
43 
•43 
42 

.43 

.43 
43 
•43 
43 
.43 

•43 
.43 
•45 
•43 
•43 

•43 
.45 
43 
45 
.43 

•43 
•45 
.45 
43 
•45 

45 
.43 
•45 
.45 
.45 



D. 1^ 



TftlL. 



D. 1". 



9.288652 
.289 326 

.289999 
.290671 

.291342 

9.292013 
.292 682 

.293 350 
.294017 
.294684 

9.295 349 
.296013 

.296 677 

.297 339 
.298 001 

9.298 662 
.299 322 
.299980 
.300 638 
.301 295 

9.301 951 
.302 607 
.303 261 

.303 914 
.304 567 
9.305 218 
.305 869 
.306519 
.307 168 
.307 816 

9.308 463 
.309 109 

•309 754 
.310 399 
.311042 

9.31 1 685 
.312327 
.312968 
.313608 

•314 247 
9.314885 

.315523 
.316159 
.316 795 
.317430 
9.318064 
.318697 

•319 330 
.319961 

.320 592 

9.321 222 
.321 851 
.322 479 
.323 106 

•323 733 

9.324 358 

.324 983 
.325 607 

.326 231 

.326853 

9.327 475 



Got. 



1.23 
1.22 
1.20 
1.18 
1.18 

1.15 

».I3 
1.12 

1. 12 

1.08 

1.07 
1.07 
1.03 
1.03 
1.02 

1. 00 
0.97 
0.97 
0.95 

0.93 

0.93 
0.90 

0.88 

0.88 

0.85 

0.85 
0.83 
0.82 
0.80 
0.78 

0.77 

0.75 
0.75 

0.72 

0.72 

0.70 
0.68 
0.67 
0.65 
0.63 

0.63 
0.60 
0.60 
0.58 
0.57 

0.55 
0.55 

0.52 

0.52 

0.50 

0.48 
0.47 

045 

045 
0.42 

0.42 
0.40 
0.40 

0.37 
0.37 



D. 1". 



Got 



87 



0.71 1 348 
.710 674 
.710001 

.709329 
.708658 

0.707 987 

.707 318 

.706650 

.705 983 
.705 316 

a704 6 

.703 9 

.703 323 
.702661 

.701999 

0.701 338 
.700 678 
.700 020 
.699362 
.698705 

0.698 049 

.697 393 
.696739 

.696086 

•695 433 
0.694 782 

•694 131 
.693 481 

.692 832 

.692 184 

0.691 537 
.690891 
.690246 
.689601 
.688 958 

0.688315 
.687 673 
.687 032 
.686 392 
•685 753 

0.685 '15 
•684 477 
.683841 
.683 205 
.682 570 

0.681 936 
.681 303 
.680 670 
.680 039 
.679 408 

0.678 778 
.678 149 
.677 521 
.676 894 
.676 267 

0.675 642 
.675017 

.674 393 

•673 769 

.673 147 

0.672 525 



Tan. 



60 

59 
58 

57 
56 

55 
54 
53 
52 
51 

50 

49 
48 

47 
46 

45 



43 
42 
41 

40 
39 
38 

37 
36 

35 

34 
33 
32 
31 

30 
29 

28 

27 
a6 

25 
24 

23 

aa 

ai 

ao 

19 
18 

17 
x6 

15 

14 

13 
12 

II 

10 

9 
8 

7 
6 

5 

4 

3 

2 
I 



M. 
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12P 



Sin. 



o 


9-317879 


z 


•318473 


2 


.319066 


3 


.319 658 


4 


.320249 


5 


9.320 840 


6 


•321 430 


7 


.322 019 


8 


.322 607 


9 


•323 194 


lO 


9.323 780 


II 


.324 366 


12 


.324 950 


13 


.325 534 


14 


.326117 


15 


9.326 700 


i6 


.327 281 


17 


.327 862 


i8 


.328442 


19 


.329 021 


20 


9.329 599 


21 


.330176 


22 


.330 753 


23 


.331 329 


24 


.331 903 


25 


9-332 478 


26 


•333051 


27 


.333 624 


28 


•334 195 


29 


.334 767 


30 


9-33S 337 


31 


.335906 


32 


.336 475 


33 


.337 043 


34 


.337 610 


35 


9338176 


36 


.338 742 


37 


.339 307 


38 


.339 871 


39 


.340 434 


40 


9.340 996 


41 


.341 558 


42 


.342119 


43 


.342 679 


44 


.343 239 


45 


9.343 797 


46 


.344355 


47 


.344912 


48 


.345 469 


49 


.346 024 


50 


9.346 579 


51 


•347 134 


52 


.347 687 


53 


.348 240 


54 


•348 792 


55 


9-349 343 


56 


.349 893 


57 


•350 443 


58 


.350 992 


59 


.351 540 


60 


9.352 088 



D. 1". 



O08. 



9.90 
9.88 
9.87 

9.85 
9.85 

9.83 
9.82 
9.80 
9.78 
9.77 

9.77 

9.73 

9-73 
9.72 

9.72 

9.68 
9.68 
9.67 
9.65 

963 
9.62 
9.62 
9.60 

9.57 
9.58 

9.55 

9-55 
9.52 

9-53 
9.50 

9.48 
948 
9.47 
945 
943 

9.43 
942 
9.40 

9.38 

9-37 

9.37 
9-35 
9-33 
9-33 
9.30 

9.30 
9.28 
9.28 
9.25 
9.25 

9.25 
9.22 
9.22 
9.20 
9.18 

9.17 
9.17 

9.15 
9.13 
9.13 

D. 1". 



Cos. 



: D. 1". 



9.990404 

.990378 
.990351 

.990324 

.990297 

9.990 270 

.990243 

.990215 
.990 188 
.990 161 

9.990 134 

.990 107 

•990079 

.990 052 

.990025 

9.989 997 
•989 970 
•989 942 
.989915 
.989887 

9.989 860 
.989 832 
.989 804 
.989 777 

.989 749 
9.989 721 

.989 693 
.989 665 

.989 637 
.989 610 

9.989 582 

.989 553 
•989 525 
•989 497 
.989469 
9.989 441 
.989413 

•989 385 
.989 356 

.989 328 

9.989 300 
.989 271 

.989 243 
.989 214 

.989 186 

9.989 157 
.989 128 
.989 100 
.989071 
.989 042 

9.989 014 
.988 985 
.988 956 
.988 927 
.988 898 

9.988 869 
.988840 
.988811 
.983 782 
.988 753 

9.988 724 



43 
45 
.45 
•45 
45 

45 
47 
45 
45 
•45 

45 
47 
45 
45 
47 

•45 
47 
45 
47 
45 

47 
47 
45 
47 
47 

47 
47 
47 
45 
47 
48 

47 
47 
47 
47 

47 

47 
.48 

47 
47 
.48 

47 
.48 

47 
.48 

.48 

47 
48 
.48 

47 
.48 
48 
.48 
.48 
48 

.48 
.48 
.48 
.48 
.48 

p. yf, 
770 



Tan. 



9-327 475 
.328095 

.328 715 
.329 334 
•329 953 
9.330 570 
'33^ 187 
.331 803 
.332418 

•333 033 

9-333 646 
.334 259 
•334871 
.335 482 
.336 093 

9.336 702 

•337 3" 
•337 919 
.338 527 
.339 133 

9-339 739 
.340344 

.340 948 
•341 552 
.342 155 
9-342 757 
.343 358 
.343 958 
.344558 
.345 J 57 

9.345 755 
•346 353 
•346 949 

.347 545 
.348 141 

9.348 735 

•349 329 
.349 922 

•350 5 '4 
.351 106 

9.35 » 697 
.352 287 

.352 876 

.353 465 
.354 053 
9.354 640 
•355 227 
.355 813 
.356 398 
•356 982 

9.357 566 
.358 149 
.358 731 
•359313 
.359 893 

9.360 474 
.361 053 
.361 632 
.362 210 
.362 787 

9.363 364 
dot. 



D. 1 



rr 



Got. 



0.33 

0-33 
0.32 

0.32 

0.28 

0.28 
0.27 
0.25 
0.25 
0.22 

0.22 
0.20 
0.18 
0.18 
0.15 

0.15 
0.13 
0.13 
O.IO 
O.IO 

0.08 
0.07 
0.07 
0.05 

0.03 

0.02 
0.00 
0.00 

9-98 

9-97 

9.97 

9.93 

9-93 

9.93 
9.90 

9.90 
9.88 

9-87 
9.87 

9.85 

9-83 
9.82 

9.82 

9.80 

9-78 

9.78 
9-77 
9.75 
9.73 
9-73 
9.72 
9.70 

9.70 
9.67 
9.68 

9.65 

9.65 

9-63 
9.62 

9.62 



D. 1 



// 



0.672 525 
.671 905 
.671 285 
.670 666 
.670 047 

0.669 430 
.668813 
.668 197 
.667 582 
.666 967 

0.666 354 
.665 741 
.665 129 
.664518 
.663907 

0.663 298 
.662689 
.662081 
.661 473 
.660 867 

0.660 261 
.659 656 
-659 052 
.658 448 

.657 845 
0.657 243 
.656 642 
.656 042 
-655 442 
-654 843 
0.654 245 
.653 647 
.653051 
.652 455 
.651 859 

0.651 265 
.650 671 
.650 078 
.649 486 
.648 894 

0.648 303 

.647 713 
.647 124 

.646 535 

.645 947 

0.645 360 

.644 773 
.644 187 

.643 602 

.643018 

0.642 434 
.641 851 
.641 269 
.640 687 
.640 107 

0.639 526 

.638 947 
.638 368 

-637 790 
.637 213 

0.636 636 
Tan. 



60 

59 
58 

57 
56 

55 
54 
53 
52 
51 
50 
49 
48 

47 
46 

45 

44 

43 
42 

41 
40 

39 
38 

37 
36 

35 
34 
33 
32 
31 
30 

29 
28 

27 

26 

25 
24 

23 
22 

21 
20 

19 
18 

17 
16 

15 

14 

13 
12 

II 

10 

9 
8 

7 
6 

5 

4 

3 

2 

I 



M. 
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M. 



o 

I 
2 

3 

4 

5 
6 

7 
8 

9 
10 
II 
12 

13 
14 

16 

17 
18 

19 
20 
21 
22 

23 
24 

25 
26 

27 

28 

29 

30 
31 
32 
33 
34 

35 
36 

37 

38 

39 

40 

41 
42 

43 
44 

45 
46 

47 
48 

49 
50 
51 
52 
53 
54 

55 
56 
57 
58 
59 
60 



Sin. 



9.352 088 
.352 635 
•353 181 
.353 726 
.354 271 

9^354 815 
•355 358 
•355 901 
•356 443 
.356 984 

9.357 524 
.358 064 

•358 603 

•359 141 

•359 678 

9.360215 

.360 752 

.361 287 

.361 822 

.362 356 

9.362 889 
.363 422 

•363 954 
.364 485 

.365 016 

9.365 546 
.366075 

.366604 

.367 131 
.367 659 

9.368 185 
.368711 
.369 236 
.369 761 
.370 285 

9.370 808 

•371 330 
•371 852 
•372 373 
•372 894 

9-373 414 
•373 933 
.374 452 
.374 970 
•375 487 

9.376003 

.376 5'9 

•377 035 

•377 549 
.378063 

9^378 577 
•379 089 
•379 601 
.380 113 
.380 624 

9-381 134 
.381 643 
.382 152 
.382 661 
.383 168 

9-383 675 

Oos. 



D. 1". 



9.12 
9.10 
9.08 
9.08 
9.07 

9.05 
9.05 

9.03 
9.02 

9.00 

9.00 

8.98 

8.97 

8.95 

8.95 

8.95 
8.92 

8.92 
8.90 
8.88 

8.88 
8.87 
8.85 
8.85 
8.83 

8.82 
8.82 
8.78 
8.80 
8.77 

8.77 
8.75 
8.75 

8.73 
8.72 

8.70 
8.70 
8.68 
8.68 
8.67 

8.65 
8.65 
8.63 
8.62 
8.60 

8.60 
8.60 
8.57 
8.57 
8.57 

8.53. 

8.53 

8.53 
8.52 

8.50 

8.48 
8.48 
8.48 
8.45 
8.45 

D. 1". 



Oos. 



D. 1". 



9.988 724 
.988 695 
.988 666 
.988 636 
.988 607 

9.988 578 
.988 548 
.988519 
.988 489 
.988460 

9.988 430 
.988 401 
.988 371 
.988 342 
.988312 

9.988 282 
.988 252 
.988 223 
.988 193 
.988 163 

9988 133 
.988 103 
.988073 
.988 043 
.988013 



9.98 
.98 
.98 
.98 
•98 

9-98 
.98 
.98 
.98 
.98 

9.98 

.98 
.98 
.98 
.98 

9.98 
.98 
•98 
.98 
.98 

9.98 
.98 
.98 
.98 
.98 

9.98 
.98 
.98 
.98 
.98 

9.98 
.98 



983 

953 
922 

892 

862 

832 
801 

771 
740 

710 

679 
649 

618 

588 

557 
526 
496 

465 
434 
403 

372 

341 
310 

279 

248 

217 
186 

155 
124 

092 

061 
030 



.986 998 
.986 967 
.986 936 

9.986 904 
Sini 



.48 
.48 
.50 
.48 
48 

.50 
.48 
.50 
.48 
.50 

.48 
.50 
.48 
.50 
.50 

.50 
.48 
.50 

•50 
.50 

.50 
.50 
.50 

•50 
.50 

.50 

•52 
.50 
.50 
.50 

.52 
.50 

•52 

•50 
•52 

.50 

.52 
.50 

•52 
•52 
.50 

•52 
.52 
•52 
•52 
.52 

•52 
•52 
•52 
•52 

•52 

.52 

.52 

•53 
.52 

•52 
.53 
•52 
•52 
•53 

D v. 

"760 



Tan. 



D. 1". 



9^363 364 
•363 940 

.364 5»5 
.365090 

.365 664 

9-366 237 
.366810 
.367 382 

•367 953 
.368 524 

9.369 094 
.369663 
.370 232 

•370 799 
•371 367 

9-371 933 
•372 499 
.373 064 
.373 629 
•374 193 

9.374 756 
•375 319 
.375 881 
•376 442 
•377 003 

9-377 563 
.378 122 

.378 681 

•379 239 

.379 797 

9^380 354 
.380910 
.381 466 
.382 020 
•382 575 

9383 129 
.383 682 

.384 234 
.384 786 

•385 337 

9.385 888 

.386438 

.386 987 

•387 536 
.388 084 

9.388631 
•389 178 

•389 724 
.390 270 

.390815 
9.391 360 

•391 903 
•392 447 
•392 989 
•393 531 
9-394 073 
•394 614 
.395 154 
•395 694 
•396 233 

9.396771 
Oct. 



9.60 

9.58 
9.58 
9-57 
9^55 

9.55 

9.53 
9.52 

9.52 

9.50 
9.48 
9.48 

9-45 
9^47 
9^43 

9.43 
9.42 

9.42 
940 

9^38 
9^38 
9-37 
9^35 
9^35 
9.33 

9^32 

9-32 

9.30 

9.30 
9.28 

9.27 
9.27 

9.23 
9.25 

9.23 
9.22 
9.20 
9.20 
9.18 
9.18 

9.17 

9.15 

9^15 

9.13 
9.12 

9.12 
9.10 
9.10 
9.08 
9.08 

9.05 
9.07 

9.03 
9.03 
9.03 
9.02 
9.00 
9.00 
8.98 

8.97 
D. 1". 



Got. 



0.636 636 


60 


.636 060 


59 


•635 485 


58 


.634 910 


57 


•634 336 


56 


0.633 763 


55 


•633 190 


54 


.632618 


53 


.632 047 


52 


.631 476 


51 


0.630 906 


50 


•630 337 


49 


.629 768 


48 


.629 201 


47 


.628 633 


46 


0.628 067 


45 


.627 501 


44 


.626 936 


43 


.626 371. 


42 


.625 807 


41 


0.625 244 


40 


.624 681 


39 


.624 119 


38 


.623 558 


37 


.622 997 


36 


0.622 437 


35 


.621 878 


34 


.621 319 


33 


.620 761 


32 


.620 203 


31 


0.619 646 


30 


.619090 


29 


.618 534 


28 


.617980 


27 


•617425 


26 


0.616 871 


25 


.616318 


24 


.615 766 


23 


.615214 


22 


.614 663 


21 


0.614 112 


20 


.613562 


19 


.613013 


18 


.612464 


17 


.611 916 


16 


0.61 1 369 


15 


.610 822 


14 


.610 276 


13 


•609730 


12 


.609 185 


II 


0.608 640 


10 


.608 097 


9 


•607 553 


8 


.607011 


7 


.606 469 


6 


0.605 927 


5 


.605 386 


4 


.604 846 


3 


.604 306 


2 


.603 767 


I 


0.603 229 






Tan. 
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140 



Sin. 






9383 675 


z 


.384 182 


2 


.384 687 


3 


.385 192 


4 


•385 697 


5 


9.386 201 


6 


.386 704 


7 


.387 207 


8 


.387 709 


9 


.388 210 


10 


9.3887" 


II 


.389211 


12 


.3897" 


13 


.390 2x0 


14 


.390708 


15 


9.391 206 


16 


•391 703 


17 


.392 199 


18 


.392 695 


19 


.393 191 


20 


9.393 685 


21 


.394179 


22 


•394 673 


23 


.395 i^ 


24 


•395 658 


25 


9.396 150 


26 


.396 641 


27 


•397 132 


28 


.397 621 


29 


.398111 


30 


9.398 600 


31 


.399 088 


32 


.399 575 


33 


.400 062 


34 


.400549 


35 


9.401 035 


36 


.401 520 


37 


.402 005 


38 


.402 489 


39 


.402 972 


40 


9.403 455 


41 


403 938 


4a 


.404 420 


43 


.404 901 


44 


.405 382 


45 


9.405 862 


46 


.406 341 


47 


.406820 


48 


.407 299 


49 


•407 777 


50 


9.408 254 


51 


.408 731 


5* 


.409 207 


53 


409682 


54 


410 157 


55 


9.410 632 


56 


.411 106 


57 


.411579 


58 


412052 


59 


412 524 


60 


9412996 



008. 



D. 1". 



845 
8.42 

8.42 

8.42 

8.40 

8.38 
8.38 

8.37 
8.35 
8.35 

8.33 

8.33 
8.32 
8.30 
8.30 

8.28 
8.27 
8.27 
8.27 
8.23 

8.23 
8.23 
8.22 
8.20 
8.20 

8.18 
8.18 
8.15 
8.17 
8.15 

8.13 
8.12 
8.12 
8.12 
8.10 

8.08 
8.08 
8.07 
8.05 
8.05 

8.05 
8.03 
8.02 
8.02 
8.00 

7.98 
7.98 
7.98 

7.97 
7-95 

7-95 

7.93 
7.92 

7.92 

7.92 

7.90 
7.88 
7.88 
7.87 
7.87 

D. 1". 



O08. 



9.986 904 
.986 873 
.986841 
.986 809 
.986 778 

9.986 746 
.986 714 
.986 683 
.986651 
.986 619 

9.986 587 
.986 555 
.986 523 
.986491 
.986 459 

9.986 427 

.986 395 
.986 363 
.986 331 
.986 299 

9.986 266 
.986 234 
.986 202 
.986 169 
.986 137 

9.986 104 
.986 072 
.986 039 
.986 007 

•985 974 
9.985 942 
.985909 
.985 876 
.985 843 
.985811 

9.985 778 

.985 745 
.985 712 

.985 679 
.985 646 

9.985 613 
.985 580 

•985 547 

.985514 
.985 480 

9.985 447 
.985 414 
.985 381 
.985 347 
.985 314 

9.985 280 

.985 247 
•985213 
.985 180 
.985 146 

9.985 113 
.985 079 

.985 045 
.985011 

.984 978 

9.984 944 

Sin. 



D. 1". 



52 

53 
53 
52 
53 

53 
52 
53 
53 
53 

53 
53 
53 

53 
53 

53 
53 
53 
53 
55 

53 
53 
55 
53 
55 

53 
55 
53 
55 
53 

55 
55 
55 
53 
55 

55 
55 
55 
55 
55 

55 
55 
55 
57 
55 

55 
55 
57 
55 
57 

55 
57 
55 
57 
55 

57 
57 
57 
55 
57 



D. 1". 



Tan. 



9396 771 

.397 309 
.397 846 

.398 383 
.398 919 

9-399 455 
.399990 

.400524 

401 058 

.401 591 

9.402 124 
.402 656 
.403 187 
.403 718 

404 249 

9.404 778 

405 308 
.405 836 

406 364 
.406 892 

9407419 

.407 945 
.408471 

.408 996 

.409 521 

9410 045 
.410 569 
.411 092 
.411 615 

412 137 
9.412658 

413 179 

.413699 

414 219 

414 738 

9-415257 

415 775 
.416293 

.416810 
.417326 
9417842 
418 358 
418873 
.419 387 
.419901 

9.420415 
.420 927 
.421 440 
421 952 
.422 463 

9.422 974 
.423 484 

.423 993 
.424 503 

425 on 

9.425 519 
.426 027 
.426 534 
.427 041 

•427 547 
9.428 052 

Got. 



D. 1". 



8.97 
8.95 
8.95 
8.93 
8.93 
8.92 
8.90 
8.90 
8.88 
8.88 

8.87 
8.85 
8.85 
8.85 
8.82 

8.83 
8.80 
8.80 
8.80 
8.78 

8.77 
8.77 

8.75 
8.75 
8.73 

8.73 
8.72 

8.72 

8.70 

8.68 

8.68 
8.67 
8.67 
8.65 
8.65 

8.63 
8.63 
8.62 
8.60 
8.60 

8.60 
8.58 

8.57 
8.57 

8.57 

8.53 
8.55 

8.53 
8.52 

8.52 

8.50 
848 
8.50 

847 
847 

847 

845 

845 

843 
8.42 

D. 1". 



Got. 




0.603 229 


60 


.602691 


59 


.602 154 


58 


.601 617 


57 


.601 081 


56 


0.600 545 


55 


.600010 


54 


.599 476 


53 


.598 942 


52 


.598 409 


51 


0.597 876 


50 


.597344 


49 


.596813 


48 


.596 282 


47 


.595 751 


46 


0.595 222 


45 


.594 692 


44 


.594 164 


43 


.593 636 


42 


.593 108 


41 


0.592 581 


40 


•592 055 


39 


.591 529 


38 


.591004 


37 


.590 479 


36 


0.589 955 


35 


.589431 


34 


.588908 


33 


.588 385 


32 


.587 863 


31 


0.587 342 


30 


.586 821 


29 


.586 301 


28 


.585 781 


27 


.585 262 


26 


0.584 743 


25 


.584 225 


24 


.583 707 


23 


.583 190 


22 


.582 674 


21 


0.582 158 


20 


.581 642 


19 


.581 127 


18 


.580613 


17 


.580099 


16 


0.579 585 


15 


.579 073 


14 


.578 560 


13 


.578048 


12 


.577 537 


II 


0.577 026 


10 


.576516 


9 


.576007 


8 


.575 497 


7 


.574989 


6 


0.574481 


5 


.573 973 


4 


.573466 


3 


.572 959 


2 


.572 453 


z 


0.571 948 




M. 


Tan. 



LOGARITHMIC SIJTES, COSINES, TANGENTS, 



AND COTANGENTS. 33 



o 
I 

2 

3 
4 

5 
6 

7 
8 

9 

zo 

II 

12 

13 

14 

16 

17 
18 

19 
20 

21 

22 

23 

24 

25 
26 

27 

28 

29 

30 

31 
32 

33 
34 

35 
36 

37 
38 

39 

40 

41 
42 
43 
44 

45 

46 

47 
48 

49 

50 

51 
52 

53 
54 

55 
56 
57 
58 
59 
60 



Sin. 



9.412996 
.413467 

.413938 
414408 
.414 878 

9415 347 
.415815 

.416 283 

.416751 

.417217 

9.417 684 
.418 150 
.418615 
.419079 

•419 544 
9.420 007 
.420 470 
•420 933 
•421 395 
.421 857 

9.422 318 
.422 778 
.423 238 
.423 697 
.424156 

9.424615 
•425 073 

•425 530 
.425 987 

.426 443 
9.426 899 

•427 354 
.427809 

.428 263 

.428717 

9.429170 
.429 623 
.430 075 

•430 527 
.430 978 

9.431 429 
.431 879 
.432 329 
.432 778 
.433 226 

9.433 675 
.434 1 22 

•434569 
.435 016 

.435 462 

9.435 908 

.436 353 
.436 798 

•437 242 
.437 686 
9.438 129 
.438 572 
.439014 

•439 456 

•439 897 

9.440 338 

O08. 



D. 1". 



7.85 

7.85 

7-83 

7.83 
7.82 

7.80 
7.80 
7.80 

7-77 
7.78 

7.77 

7-75 

7-73 

7-75 
7.72 

7.72 
7.72 

7.70 
7.70 
7.68 

7.67 
7.67 
7.65 
7.65 
7.65 • 

7-63 
7.62 

7.62 

7.60 

7.60 

7.58 
7.58 

7.57 
7-57 
7-55 

755 

7.53 

7.53 
7.52 

7^52 

7.50 

7.50 

7.48 

7-47 
7.48 

7-45 
7-45 
7^45 
743 
7^43 
7.42 
7.42 
7.40 
7.40 
738 
7-38 
737 
7-37 
7.35 
735 

D. 1". 



Cos. 



9.984 944 
.984910 
.984 876 
.984 842 
.984 808 

9.984 774 

•984 740 
.984 706 

.984 672 

.984 638 

9.984 603 

.984 569 

•984 535 
.984 500 

.984 466 
9.984 432 

•984 397 

•984 363 
.984 328 

•984 294 
9.984 259 
.984 224 
.984 190 
.984155 
.984 120 

9.984 085 
.984 050 
.984015 
.983981 
.983 946 

9.983 91 1 

.983 875 
.983 840 

.983 805 

.983 770 

9983 735 
.983 700 

.983 664 

.983 629 

.983 594 

9.983 558 

•983 523 
.983 487 

.983 452 
.983416 

9-983 381 

•983 345 

•983 309 

•983 273 
.983 238 

9.983 202 
.983 166 
.983 130 
.983 094 
.983 058 

9.983 022 
.982 986 
.982 950 
.982 914 
.982 878 

9.982 842 



D. 1". 



57 
57 
57 
57 
57 

57 
57 
57 
57 
58 

57 
57 
58 
57 
57 

58 
57 
58 
57 
58 

58 
57 
58 

58 

58 
58 
57 
58 
58 
60 
58 

58 
58 

58 
60 

58 
58 
60 

58 
60 

58 
60 

58 
60 
60 
60 

58 
60 

60 
60 
60 
60 
60 

60 
60 
60 
60 
60 



D. 1". 



Tan. 



9.428 052 
.428 558 
.429 062 
.429 566 
.430070 

9.430573 
.431 075 
.431 577 
.432 079 
.432 580 

9.433 080 

.433 580 
.434 080 

•434 579 

435 078 

9.435 576 

436 073 

•436 570 
.437 067 

•437 563 
9.438 059 

•438 554 
.439 048 

439 543 
.440036 

9.440 529 
.441 022 
.441 514 
.442006 
.442 497 

9.442 988 

.443 479 
443968 
.444458 
.444947 

9.445 435 

•445 923 
.446 41 1 

.446 898 

.447 384 

9.447 870 

.448 356 
.448841 

.449 326 
.449 810 

9.450 294 

450 777 
.451 260 

•45' 743 
•452 225 

9.452 706 

.453 187 
.453 668 

•454 148 
.454 628 

9.455 107 

•455 586 
.456 064 
.456 542 
.457019 

9.457496 
Got. 



D. 1". 



843 
8.40 

8.40 

8.40 

8.38 

8.37 
8.37 
8.37 
8.35 
8.33 

8.33 

8.33 
8.32 

8.32 
8.30 

8.28 
8.28 
8.28 
8.27 
8.27 

8.25 
8.23 
8.25 
8.22 
8.22 

8.22 
8.20 
8.20 
8.18 
8.18 

8.18 
8.15 
8.17 
8.15 
8.13 

8.13 
8.13 
8.12 
8.10 
8.10 

8.10 
8.08 
8.08 
8.07 
8.07 

8.05 
8.05 
8.05 
8.03 
8.02 

8.02 
8.02 
8.00 
8.00 
7.98 
7.98 

7-97 
7^97 
7-95 
7-95 

D. 1". 



Got. 



0.571 948 
571442 
570938 
570434 
569 930 

0.569 427 
568 925 

568 423 
567921 
567 420 
0.566 920 
566 420 
565 920 

565 421 
564922 

0.564424 

563 927 
563 430 
562 933 
562 437 
0.561 941 
561 446 
560952 

560457 
559964 

559471 
558 978 
558486 

557 994 
557 503 
557012 
556521 
556 032 
555 542 
555 053 

554 565 
554077 
553 589 
553 102 
552616 

552 130 
551644 
55' '59 
550 674 
550 190 

549 706 
549 223 
548 740 
548 257 
547 775 

547 294 
546813 

546 332 

545 852 

545 372 

544893 
544414 
543 936 
543 458 
542 981 

542 504 
Tan. 



60 

59 
58 

57 
56 

55 
54 
53 
52 
51 
50 
49 
48 

47 
46 

45 
44 
43 
42 
41 
40 

39 
38 

37 
36 

35 
34 
33 
32 
31 

30 
29 
28 
27 
26 

25 

24 

23 
22 

21 

20 

19 
18 

17 
16 

15 
14 
13 

12 

ZI 

10 

9 
8 

7 
6 

5 

4 
3 

2 
I 



M. 
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16° 



I H. 



o 

I 

2 

3 
4 

5 

6 

7 
8 

9 
zo 
II 

12 

13 
14 

X5 
i6 

17 
i8 

Z9 

20 
21 
22 

23 

24 

25 
26 

27 

28 

29 

30 

31 
32 

33 
34 

35 
36 
37 
38 
39 
40 

41 
42 
43 
44 

45 
46 

47 
48 

49 

50 

51 
52 

53 
54 

55 
56 
57 
58 

59 
60 



Sin. 



9.440 338 
440778 
441 218 
.441 658 
.442 096 

9442 535 
.442 973 
.443410 

•443 847 
.444284 

9.444 720 

.445 155 
.445590 
446025 

.446 459 

9.446 893 
447326 

•447 759 
.448 191 

.448 623 
9.449 054 
.449485 
.449915 
•450 345 
•450 775 
9.451 204 
451 632 
452060 
.452 488 

•452915 

9453 342 
.453 768 

.454 194 
.454619 

.455 044 

9455 469 

.455 893 
.456316 

•456 739 
.457 162 

9457 584 
.458 006 

.458 427 

.458 848 

.459 268 

9.459 688 
460 108 
460 527 
.460 946 
.461 364 

9.461 782 
.462 199 
.462616 
.463 032 
463448 

9.463 864 

464 279 
.464 694 
.465 108 

465 522 

9.465 935 
Oos. 



D. 1". 



7.33 

7.33 
7-33 
730 
732 

730 
7.28 

7.28 

7.28 

727 

7.25 
7.25 
7-25 
7.23 
723 
7.22 
7.22 
7.20 
7.20 
7.18 

7.18 
7.17 
7.17 
7.17 

7->5 

7.13 

7.13 

7.13 
7.12 

7.12 

7.10 
7.10 
7jd8 
7.08 
7.08 

7.07 
7.05 
7.05 
7.05 

7.03 

7-03 
7.02 

7.02 

7.00 

7.00 

7.00 
6.98 
6.98 
6.97 
6.97 

6.95 

6.95 
6.93 
6.93 
6.93 
6.92 
6.92 
6.90 
6.90 
6.88 

D. 1". 



Cos. 



9.982 842 
.982 805 
.982 769 

•982 733 
.982 696 

9.982 660 
.982 624 
.982 587 
.982551 
.982514 

9.982 477 
.982 441 
.982 404 
.982 367 
.982 331 

9.982 294 
.982 257 
.982 220 
.982 183 
.982 146 

9.982 109 
.982 072 
.982 035 



.98 
.98 

9.98 
.98 
.98 
.98 
.98 

9.98 
.98 
.98 
.98 
.98 

9.98 
.98 
.98 
.98 
.98 

9.98 
.98 
.98 

•98 
.98 

9.98 
.98 
.98 
.98 
.98 



99» 
961 

924 
886 

849 
812 

774 

737 
700 

662 

625 

587 

549 
512 

474 
436 
399 

361 

323 
285 

247 
209 

171 

133 
095 

057 

019 



9.980 981 
.980 942 
.980904 
.980 866 
.980 827 

9.980 789 
.980 750 
.980712 
.980 673 
.980 635 

9.980 596 
Sin. 



D. 1". 



.62 
.60 
.60 
.62 
.60 

.60 
.62 
.60 
.62 
.62 

.60 
.62 
.62 
.60 
.62 

.62 
.62 
.62 
.62 
.62 

.62 
.62 
.62 
.62 
.62 

.63 
.62 

.62 

•63 

.62 

.62 

.63 
.62 

.63 
.63 
.62 

.63 

.63 
.62 

.63 

.63 
.63 
.63 
•63 
.63 

•63 
.63 
.63 
•63 
•63 
.65 

.63 

.63 
.65 

.63 
.65 

.63 
.65 

.63 
.65 

D. 1". 



Tan. 



9457496 
457 973 
.458 449 
.458 925 
•459 400 

9-459 875 
460349 

460 823 
.461 297 

461 770 

9.462 242 
.462 715 
.463 186 
.463 658 
.464 128 

9464 599 
465069 

465 539 
.466 008 

.466 477 

9.466 945 
.467413 
.467 880 
468 347 

468 814 

9.469 280 

469 746 
.470211 

470 676 

471 141 

9.471 605 

472 069 
.472 532 
.472 995 

473 457 

9-473919 

474 381 
.474 842 

475 303 
475 763 

9476 223 
.476 683 
477 142 

477 601 

478 059 
9.478517 

478 975 
•479 432 

479 889 

480 345 
9480 801 

•481 257 
.481 712 
.482 167 
.482 621 

9^483 075 

.483 529 
.483 982 

•484 435 
.484 887 

9-485 339 
Got. 



D. 1". 



7-95 

7-93 

7-93 
7.92 

7-92 

7.90 

7.90 

7.90 

7.88 

7-87 
7.88 
7.85 

7.87 
7-83 
7-85 

7-83 

7-83 
7.82 

7.82 

7.80 

7.80 

7.78 
7.78 

7-78 

7-77 

7-77 
7.75 
7-75 
7-75 
7.73 

7.73 
7.72 

7.72 

7.70 

7.70 

7.70 
7.68 
7.68 
7.67 
7.67 

7.67 
7.65 
7.65 

7.63 
7-63 

7-63 
7.62 

7.62 

7.60 

7.60 

7.60 

7.58 
7.58 

7-57 
7-57 

7-57 
7.55 
7-55 
7.53 
7.53 

D. 1". 



Got. 



0.542 504 
.542 027 

•541 551 
.541 075 
.540 600 

0.540 125 
•539651 
•539 177 
•538 703 
.538 230 

0-537 758 
.537 285 
.536 814 

.536 342 
•535 872 

0.535 401 

•534931 
.534461 

.533 992 

.533 523 

0.533 055 

•532 587 
.532 120 

•531 653 
.531 186 

0.530 720 
•530 254 
.529 789 

-529 324 
.528 859 

0.528 395 

•527931 
.527 468 

.527 005 

•526 543 

0.526081 

.525 619 
.525 158 

.524 697 
.524 237 

0.523777 

.523317 
.522 858 

.522 399 
.521 941 

0.521 483 
.521 025 
.520 568 
.520 III 
.519655 

0.519 199 

•518743 
.518288 

•517833 
•517379 
0.516925 
.516471 
.516018 

•515 565 

•5"5"3 

0.514 661 

Tan. 



60 
59 
58 
57 
56 

55 
54 
53 
52 

51 
50 
49 
48 

47 
46 

45 
44 
43 
42 
41 
40 

39 
38 

37 
36 

35 
34 
33 
32 
31 

30 
29 
28 
27 
26 

25 

24 

23 
22 

21 
20 

19 
18 

17 
16 

15 

14 

13 
12 

II 

10 

9 
8 

7 
6 

5 

4 

3 

2 

I 



M. 



LOGARITHMIC SINES, COSINES, TANGENTS, AND COTANGENTS. 35 
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M. 



o 

I 
2 

3 

4 

5 
6 

7 
8 

9 
10 
II 
12 

13 
14 

15 
16 

17 
18 

19 
20 
21 
22 

23 
24 

25 
26 

27 

28 

29 

30 
31 
32 
33 
34 

35 
36 
37 
38 

39 
40 

41 
42 

43 
44 

45 
46 

47 
48 

49 

50 

51 
52 
53 
54 

55 
56 
57 
58 
59 
60 



Sin. 



D. 1". 



9465 935 
.466 348 

.466 761 

•467 173 
467 585 
9.467 996 
.468 407 
.468817 
.469 227 
.469 637 

9.470 046 

.470 455 
.470 863 

.471 271 

.471 679 

9.472 086 
.472 492 
.472 898 

.473 304 
.473710 

9-474 "5 
•474 5 '9 
.474 923 
•475 327 
•475 730 

9^476 133 
.476 536 
.476 938 

.477 340 
.477 741 

9.478 142 
.478 542 
.478 942 
•479 342 
.479 741 

9.480 140 
•480 539 
.480 937 

.481 334 
•481 731 
9.482 128 
.482 525 
.482921 
.483 316 
.483712 

9.484 107 
.484 501 
.484 895 
.485 289 
.485 682 

9.486 075 
.486 467 
.486 860 
.487 25 1 
.487 643 

9.488 034 
.488 424 
.488814 
.489 204 

.489 593 

9.489 982 

O08. 



6.88 
6.88 
6.87 
6.87 
6.85 

6.85 
6.83 
6.83 
6.83 
6.82 

6.82 
6.80 
6.80 
6.80 
6.78 

6.77 
6.77 
6.77 
6.77 
6.75 

6.73 

6.73 

6.73 
6.72 

6.72 

6.72 
6.70 
6.70 
6.68 
6.68 

6.67 
6.67 
6.67 
6.65 
6.65 

6.65 
6.63 
6.62 
6.62 
6.62 

6.62 
6.60 
6.58 
6.60 
6.58 

6.57 
6.57 
6.57 
6.55 
6.55 

6.53 
6.55 

6.52 

^•53 
6.52 

6.50 
6.50 
6.50 
6.48 
6.48 

D. 1". 



Cos. 



9.980 596 
.980 558 
.980519 
.980480 
.980 442 

9.980 403 
.980 364 
.980 325 
.980 286 
.980 247 

9.980 208 
.980 169 
.980 130 
.980091 
.980052 

9.980012 

•979 973 
•979 934 
•979 895 
•979 855 
9.979816 
•979 776 
•979 737 

•979 697 
.979 658 

9.979 618 

.979 579 
•979 539 
•979 499 
•979 459 
9.979 420 
•979 380 
•979 340 

•979 300 
.979 260 

9.979 220 
.979 180 

•979 140 
.979 100 

•979 059 
9.979019 

•978 979 

•978 939 
.978 898 

.978 858 

9.978817 

•978 777 
.978 737 
.978 696 

.978 655 

9.978615 

•978 574 

•978 533 

•978 493 

•978452 

9.978 41 1 

.978 370 

.978 329 

.978 288 

•978 247 

9.978 206 

Sin; 



D. 1". 



.63 
.65 

.65 

.63 
.65 

.65 
.65 
.65 
.65 
.65 

.65 
.65 
.65 
.65 
.67 

.65 
.65 
.65 
.67 
.65 

.67 
.65 
.67 
.65 
.67 

.65 
.67 
.67 

.67 
.65 

.67 
.67 
.67 
.67 
.67 

.67 
.67 
.67 
.68 
.67 

.67 
.67 
.68 
.67 
.68 

.67 
.67 
.68 
.68 
.67 

.68 
.68 
.67 
.68 
.68 

.68 
.68 
.68 
.68 
.68 



// 



D. 1 



720 



Tan. 



9-485 339 
.485 791 

.486 242 

.486 693 

.487 143 

9487 593 
.488 043 

.488 492 

.488 941 

.489 390 

9.489 838 
.490 286 

.490 733 
491 180 

.491 627 

9.492 073 
.492519 
.492 965 
.493410 

.493 854 
9.494 299 

•494 743 
.495 186 

.495 630 

.496 073 

9-496515 

•496957 

•497 399 

•497 841 
.498 282 

9.498 722 

•499 163 
.499 603 
.500 042 
.500481 

9.500 920 

•50 ' 359 
.501 797 

.502 235 

.502 672 

9.503 109 

•503 546 
.503 982 
.504418 

•504 854 
9.505 289 

.505 724 
.506159 

-506 593 
.507 027 

9.507 460 

.507 893 
.508 326 

.508 759 

.509 191 

9.509 622 
.510054 
.510485 
.510916 
.511346 

9^5" 776 

Got. 



D. 1". 



53 
52 
52 
50 
50 

50 
7.48 
7.48 
7.48 
7^47 

7-47 
7-45 
7-45 
7-45 
7-43 

7-43 

7-43 
7.42 

7.40 

7.42 

7.40 

7.38 
7.40 

7^38 

7^37 

7-37 
7-37 
7-37 
7^35 
7.33 

7^35 
7-33 
732 
7-32 
732 

7-32 
730 

730 
7.28 

7.28 

7.28 
7.27 
7.27 
7.27 

7-25 

7-25 

7-25 

723 

723 
7.22 

7.22 
7.22 
7.22 
7.20 
7.18 

7.20 
7.18 
7.18 
7.17 
7.17 

D. 1". 



Got. 



0.514 661 
.514209 

•513758 

•513307 
.512857 

0.512407 

•5" 957 
.511 508 

-5 1' 059 

.510610 

0.510 162 

.509 714 
.509 267 

.508 820 

•508 373 

0.507 927 

.507 481 

•507 035 
.506 590 

.506 146 

0.505 701 

•505 257 
.504814 

•504 370 
.503 927 

0.503 485 

.503 043 
.502 601 

•502 159 
.501 718 

0.501 278 
.500 837 
.500 397 

•499 958 
.499519 
0.499 080 
.498641 
.498 203 

-497 765 
•497 328 

0.496 891 
.496 454 
.496018 
•495 582 
•495 146 

0.494 711 

•494 276 
.493841 

-493 407 
•492 973 
0.492 540 
.492 107 
.491 674 
.491 241 
490809 

0.490 378 
.489 946 
.489515 
.489 084 
488 654 

0.488 224 
Tan. 



60 

59 
58 
57 
56 

55 
54 
53 
52 

51 

50 

49 
48 

47 
46 

45 
44 
43 
42 
41 
40 

39 
38 
37 
36 

35 
34 
33 
32 
31 

30 
29 
28 
27 
26 

25 
24 

23 
22 

21 

20 

19 
18 

17 
16 

15 

14 

13 
12 

II 

10 

9 
8 

7 
6 

5 
4 

3 

2 

I 



M. 
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O 

I 

2 

3 
4 

5 
6 

7 
8 

9 

lO 

II 

12 

13 
14 

i6 

17 
i8 

19 

20 
21 
22 
23 
24 

25 
26 

27 

28 

29 

30 
31 

3* 
33 
34 

35 
36 

37 
38 

39 
40 
41 
4a 
43 
44 

45 
46 

47 
48 

49 
50 
51 
5* 
53 
54 

55 
56 

57 
58 
59 
60 



Bin. 



9.489 982 

•490371 

•490 759 
.491 147 

•491 535 
9.491 922 
.492 308 
.492 695 
.493081 
493466 

9.493851 
•494 236 
.494 621 

.495 005 
.495 388 

9.495 772 
.496 154 

496 537 
.496 919 

.497 301 

9.497 682 

'.498 064 

.498444 
.498 825 
.499 204 

9.499 584 

•499 963 
.500 342 

.500 721 

.501 099 

9.501 476 
'SOI 854 
.502 231 
.502 607 
.502 984 

9503 360 

.503 735 
.504 1 10 

.504 485 
.504 860 

9.505 234 
.505 608 

.505 981 
•506 354 
.506 727 

9.507 099 

•507 471 

.507 843 
.508 214 

.508 585 

9.508 956 
.509 326 
.509696 
.510065 

.5'0 434 

9.510803 

.511 172 

5" 540 
.511907 

.512275 
9.512642 



D. 1 



f/ 



O08. 



6.48 
6.47 
6.47 
6.47 

6.45 

643 

6.45 

643 
6.42 

6.42 

6.42 
6.42 
6.40 
6.38 
6.40 

6-37 
6.38 

6.37 
6.37 
6.35 

6.37 

6.33 

6.35 
6.32 

-6.33 
6.32 
6.32 
6.32 
6.30 
6.28 

6.30 
6.28 
6.27 
6.28 
6.27 

6.25 
6.25 
6.25 
6.25 
6.23 

6.23 
6.22 
6.22 
6.22 
6.20 

6.20 
6.20 
6.18 
6.18 
6.18 

6.17 
6.17 
6.15 
6.15 
6.15 

6.15 
6.13 
6.12 
6.13 
6.12 



Cos. 



D. 1". 



9.978 206 
.978 165 
.978 124 
.978 083 
.978 042 

9.978001 

.977 959 
.977 918 
•977 877 
•977 835 

9.977 794 

.977 752 
.977711 

.977669 

.977 628 

9.977 586 

.977 544 

•977 503 
.977 461 

.977419 

9.977 377 

•977 335 

.977 293 
.977251 

.977209 

9.977 167 

•977 >25 

.977 083 

.977 041 
.976 999 

9.976 957 
.976914 
.976 872 
.976 830 
.976 787 

9976 745 
.976 702 

.976 660 

.976617 

.976 574 

9976 532 
.976 489 
.976 446 
.976 404 
.976 361 

9.976 318 
.976 275 
.976 232 
.976 189 
.976 146 

9.976 103 
.976060 
.976017 

.975 974 

.975 930 

9.975 887 

.975844 
.975800 

.975 757 

.975 714 

9.975 670 



D. 1". 



.68 
.68 
.68 
.68 
.68 

.70 
.68 
.68 
.70 
.68 

.70 
.68 

.70 
.68 
.70 

.70 
.68 

.70 
.70 
.70 

.70 
.70 

•70 
.70 
.70 

.70 

.70 
.70 
.70 

.70 

.72 
.70 
.70 

.72 
.70 

.72 
.70 

•72 
.72 
.70 

.72 
.72 
•70 
.72 
.72 

.72 
.72 
.72 
.72 
.72 

•72 
.72 
.72 
.73 
•72 

.72 
.73 
.72 
.72 
.73 



Bin. 



D. 1". 



Tan. 



9.5 1 1 776 
.512 206 
.512635 
.513064 

.513493 
9.513 921 

•5H349 

.514777 
.515204 

.515631 

9.516057 

.516484 

.516910 

.5*7335 
.517761 

9.518 186 
.518610 

•519034 
.519458 
.519 882 

9.520305 
.520 728 

.521 15* 
•521 573 
.521 995 

9.522417 
.522 838 

.523 259 
.523 680 

.524 too 

9.524 520 
.524940 

•525 359 
.525 778 
.526 197 

9.526615 

.527033 

.527451 
.527 868 

.528 285 

9.528 702 
.529 1 19 

.529 535 
.529951 

.530 366 

9.530 781 

.531 196 
.531 611 
.532025 

.532 439 

9.532 853 
.533 266 

.533 679 
.534 092 
.534 504 
9.534916 
.535 328 

.535 739 
.536 150 

.536 561 
9.536 972 



Got. 



D. 1 



ff 



•17 
•15 
■>5 
•15 
.13 

.13 

.13 
.12 

.12 

.10 

.12 
.10 
.08 

.-lO 

.08 

.07 
.07 

•07 
•07 
•05 

.05 
.05 
•03 
•03 
•03 
.02 
.02 
.02 
.00 
.00 

7.00 
6.98 
6.98 
6.98 
6.97 

6.97 
6.97 
6.95 
6.95 
6.95 

6.95 

6.93 

6.93 
6.92 

6.92 

6.92 
6.92 
6.90 
6.90 
6.90 

6.88 
6.88 
6.88 
6.87 
6.87 

6.87 
6.85 
6.85 
6.85 
6.85 



Got. 



D. 1". 



0.488 224 


60 


.487 794 


59 


.487 365 


58 


.486 936 


57 


.486 507 


56 


0486 079 


55 


.485 651 


54 


.485 223 


53 


.484 796 


52 


.484 369 


51 


0483 943 


50 


.483516 


49 


.483090 


48 


482 665 


47 


482 239 


46 


0.481 814 


45 


.481 390 


44 


.480 966 


43 


.480 542 


42 


.480118 


41 


0.479 695 


40 


.479 272 


39 


•478 849 


38 


478 427 


37 


478005 


36 


0477 583 


35 


477 162 


34 


.476 741 


33 


.476 320 


32 


.475900 


31 


0.475 480 


30 


475060 


29 


474 641 


28 


.474 222 


27 


473 803 


26 


0473 385 


25 


472 967 


24 


.472 549 


23 


.472 132 


22 


.471 715 


21 


0471 298 


20 


470 881 


19 


.470 465 


18 


470 049 


17 


.469 634 


16 


0.469 219 


15 


468804 


14 


468 389 


13 


467 975 


12 


.467 561 


II 


0.467 147 


ID 


.466 734 


9 


.466 321 


8 


465908 


7 


465 496 


6 


0.465 084 


5 


.464 672 


4 


464 261 


3 


.463 850 


2 


463 439 


I 


0.463 028 






Tan. 
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o 
I 

2 

3 
4 

5 
6 

7 
8 

9 

lO 

zi 

12 

13 
14 

x6 

17 
i8 

19 

20 
21 
22 

23 
24 

25 
26 

27 

28 

29 

30 

31 
32 

33 
34 

35 
36 

37 
38 

39 

40 

41 

42 

43 
44 

45 
46 

47 
48 

49 

50 

51 
52 
53 
54 

55 
56 
57 
58 

59 
60 



Sin. 



9.512642 
.513009 

•513375 
•513741 
.514107 

9.514472 

•514837 
.515 202 

.515566 

•5 '5 930 
9.516294 
.516657 
.517020 
.5 > 7 382 

•517745 

9.518 107 
.518468. 
.518829 
.519190 

•519 55« 

9.519 9U 
.520 271 
.520631 
.520 990 

•521 349 
9.521 707 
.522 066 
.522 424 
.522781 
•523 138 

9-523 495 
.523 852 
.524 208 

.524 564 
.524920 

9.525 275 
.525 630 
.525 984 

.526 339 
.526 693 

9.527046 
.527 400 

•527 753 
.528 105 

.528458 

9.528810 

.529 161 

.529513 
.529 864 

.530215 

9.530 565 
•530915 
.531 265 
.531614 

•531 963 

9-532312 

.532 661 

•533009 

•533 357 

.533 704 

9-534052 

Oosi 



D. 1". 



6.12 
6.10 
6.10 
6.10 
6.08 

6.08 
6.08 
6.07 
6.07 
6.07 

6.05 
6.05 
6.03 
6.05 
6.03 

6.02 
6.02 
6.02 
6.02 
6.00 

6.00 
6.00 
5.98 
5.98 

5-97 
5.98 

5-97 
5^95 
5-95 
5^95 

5.95 
5 93 
5-93 
5-93 
5-92 

5.92 
5.90 
5.92 

5-90 
5.88 

590 
5.88 
5.87 
5.88 
5.87 

5.85 

5.87 

5.85 
5.85 

5.83 

5.83 

5-83 
5.82 

5.82 

5.82 

5.82 
5.80 
5.80 
5.78 
5.80 

D. 1". 



Cos. 



9.975 670 
•975 627 
•975 583 
•975 539 
.975 496 

9.975 452 
.975 408 
•975 365 
.975 321 
•975 277 

9.975 233 
•975 189 
.975 145 
.975 loi 
•975 057 

9975013 

.974 969 

.974 925 
.974880 

•974 836 
9.974 792 
.974 748 
•974 703 
•974 659 
.974614 

9-974 570 

•974 525 
.974481 

•974 436 
•974 391 

9-974 347 
•974 302 
.974 257 
.974 212 
•974 167 

9.974 122 
.974 077 
.974 032 
•973 987 
.973 942 

9.973 897 
.973 852 
•973 807 
•973 761 
•973 716 

9-973671 
.973 625 
•973 580 
•973 535 
•973 489 

9-973 444 

•973 398 

.973 352 

•973 307 
.973 261 

9973215 
•973 169 
.973124 

•973 078 

•973 032 

9.972 986 



D. 1". 



•72 
•73 
•73 
•72 
•73 

.73 
.72 

•73 
.73 
•73 

•73 
.73 
•73 
-73 
•73 

•73 
•73 
•75 
•73 
•73 

•73 
•75 
•73 
•75 
•73 

•75 
•73 
•75 
•75 
•73 

•75 
•75 
•75 
•75 
•75 

•75 
•75 
•75 
.75 
•75 

.75 
-75 
•77 
•75 
•75 

•77 
-75 
-75 
•77 
•75 

.77 
.77 
-75 
•77 
•77 

•77 
•75 
-77 
-77 
•77 



Tan. 



// 



D.I 



7(P 



9.536 972 

537 382 
-537 792 
.538 202 
.538611 

9.539020 

.539 429 
.539 837 
•540 245 
.540 653 
9.541 061 
.541 468 
.541 875 
.542 281 
.542 688 

9-543 094 

•543 499 

•543 905 
.544 310 

•544715 

9.545 "9 

-545 524 
.545 928 

•546 33^ 
•546 735 

9.547 138 
•547 540 
•547 943 
•548 345 
.548 747 

9^549 149 
•549 550 
•549 95 ' 
•550352 
•550 752 

9.551 '53 
•55' 552 
•551 952 
•552351 
•552 750 

9-553 149 
•553 548 
.553 946 
.554 344 
-554 741 

9-555 139 
-555 536 
.555 933 
.556 329 
.556725 

9.557 121 
•557517 
.557913 
.558 308 

-558 703 

9-559 097 
.559491 
•559 885 
.560 279 
.560 673 

9.561 066 
Got. 



D. 1". 



6.83 
6.83 
6.83 
6.82 
6.82 

6.82 
6.80 
6.80 
6.80 
6.80 

6.78 
6.78 
6.77 
6.78 
6.77 

6.75 
6.77 
6.75 
6.75 

6.73 
6.75 

6.73 
6.72 

6.73 
6.72 

6.70 
6.72 
6.70 
6.70 
6.70 

6.68 
6.68 
6.68 
6.67 
6.68 

6.65 
6.67 
6.65 
6.65 
6.65 

6.65 
6.63 
6.63 
6.62 
6.63 

6.62 
6.62 
6.60 
6.60 
6.60 

6.60 
6.60 
6.58 
6.58 
6.57 

6.57 
6.57 
6.57 
6.57 
6.55 

D. 1". 



Got. 



0.463 028 
.462 618 
.462 208 
.461 798 
.461 389 

0.460 980 
.460 571 
.460 163 

-459 755 
.459 347 

0.458 939 
.458 532 
.458 125 

•457 719 
•457312 

0.456 906 
.456 501 
456 095 
•455690 
•455 285 

0.454881 

.454 476 
.454 072 

•453 669 

•453 265 

0.452 862 

.452460 

•452 057 
•451655 

.451 253 
0.450 85 1 

•450 450 
.450 049 
.449 648 
.449 248 
0.448 847 
.448 448 
.448 048 

•447 649 
-447 250 

0.446 85 1 
.446452 
•446 054 
•445 656 
•445 259 

0.444 861 

•444464 
.444067 

.443671 

.443 275 
0.442 879 
.442 483 
.442 087 
.441 692 
.441 297 

0.440 903 

•440 509 
.440 1 1 5 

•439 721 
•439 327 

0.438 934 
Tan. 



60 

59 
58 

57 
56 

55 
54 
53 
52 
51 
50 

49 
48 

47 
46 

45 
44 
43 
42 

41 
40 

39 
38 

37 
36 

35 
34 
33 
32 

31 
30 
29 
28 
27 
26 

25 
24 

23 
22 

21 

20 

19 
18 

17 
x6 

15 

14 

13 
12 

II 

10 

9 
8 

7 
6 

5 

4 

3 
2 

I 
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O 

I 
2 

3 

4 

5 
6 

7 
8 

9 

lO 

II 

12 

13 
14 

i6 

17 
i8 

19 

20 
21 
22 
23 
24 

25 
26 

27 

28 

29 

30 
31 

3* 
33 
34 

35 
36 

37 
38 

39 

40 

41 
4* 
43 

44 

45 
46 

47 
48 

49 
50 
51 
52 
53 
54 

55 
56 

57 
58 
59 
60 



Sin. 



9.489 982 
•490 371 

•490 759 
.491 147 

•491 535 
9.491 922 
.492 308 
.492 695 
.493081 
493 466 

9.493851 
•494 236 
.494 621 
.495 005 

•495 388 

9.495 772 
.496 154 

496 537 
.496919 

497 301 
9.497 682 

'.498 064 
.498444 
.498 825 
.499 204 

9499 584 

.499 963 
.500 342 

.500 721 

.501 099 

9.501 476 

.501 854 
.502 231 
.502 607 
.502 984 

9503 360 

.503 735 
.504 1 10 

.504 485 

.504 860 

9.505 234 
.505608 

.505 981 

•506 354 
.506 727 

9.507 099 
.507 471 
.507 843 
.508214 
.508 585 

9.508 956 
.509 326 
.509696 
.510065 

.510434 

9.510803 

.511 172 

•5" 540 
.511907 
.512275 

9.512642 
Cos. 



D. 1 



ft 



6.48 
6.47 
6.47 
6.47 

6.45 

643 
6.45 

643 
6.42 

6.42 

6.42 
6.42 
6.40 
6.38 
6.40 

6-37 
6.38 

6.37 
6.37 
6.35 

6.37 

6.35 
6.32 

6.32 
6.32 
6.32 
6.30 
6.28 

6.30 
6.28 
6.27 
6.28 
6.27 

6.25 
6.25 
6.25 
6.25 
6.23 

6.23 
6.22 
6.22 
6.22 
6.20 

6.20 
6.20 
6.18 
6.18 
6.18 

6.17 
6.17 
6.15 
6.15 
6.15 

6.15 
6.13 
6.12 
6.13 
6.12 

D. 1". 



Cos. 



9.978 206 
.978 165 
.978 124 
.978 083 
.978 042 

9.978 001 

.977 959 
.977918 

•977 877 
•977 835 

9.977 794 

.977 752 

.9777" 
.977669 

.977 628 
9.977 586 

.977 544 

.977 503 
.977 461 

.977419 

9-977 377 

.977 335 

.977 293 
.977251 

.977209 

9.977 167 

•977 125 

.977 083 

.977 041 
.976 999 

9.976 957 
.976914 
.976 872 
.976 830 
.976 787 

9.976 745 
.976 702 
.976 660 
.976617 
.976574 

9.976 532 
.976 489 
.976 446 
.976 404 
.976 36i 

9.976318 
.976 275 
.976 232 
.976 189 
.976 146 

9.976 103 
.976 060 
.976017 

.975 974 

.975 930 

9.975 887 

.975844 
.975 800 

.975 757 
.975 7H 

9.975 670 

Sin. 



D. 1 



// 



.68 
.68 
.68 
.68 
.68 

•70 
.68 
.68 
.70 
.68 

.70 
.68 
.70 
.68 
.70 

.70 
.68 
.70 
.70 
.70 

.70 
.70 
.70 
.70 
.70 

.70 

.70 
.70 

.70 
.70 

.72 
.70 

.70 

.72 
.70 

•72 
.70 

•72 

.72 
.70 

.72 

.72 
.70 

.72 
•72 

.72 
.72 
.72 
.72 
.72 

•72 
.72 
.72 
•73 
•72 

.72 
.73 
.72 
.72 
.73 

D. 1". 



Tan. 



9.5 II 776 
.512 206 
.512635 
.513064 

•5^3 493 
9.513 921 

•5»4 349 

.514777 
.515204 

.515631 

9.516057 

.516484 

.516910 

.517335 
.517761 

9.518 186 
.518610 

.519034 
.519458 
.519882 

9.520 305 
.520 728 
.521 151 
.521 573 
.521 995 

9.522417 
.522 838 

.523 259 
.523 680 

.524 100 
9.524 520 
•524 940 
•525 359 
.525 778 
.526 197 
9.526615 

.527 033 

.527451 
.527 868 

.528 285 
9.528 702 

.529 1 19 

.529 535 
.529951 

.530 366 

9.530 781 

.531 196 
.531611 
.532025 

•532 439 

9.532 853 
.533 266 

.533 679 
.534 092 
.534 504 
9.534916 
.535 328 

.535 739 
.536 150 

.536 561 

9536972 

Got. 



D. 1". 



•17 
•15 
•15 
.15 
.13 

.13 

.13 
.12 

.12 

.10 

.12 
.10 

.08 

.-lO 

.08 

.07 

•07 
.07 

.07 

•05 
.05 

.05 
•03 
•03 
•03 
.02 
.02 
.02 
.00 
.00 

7.00 
6.98 
6.98 
6.98 
6.97 

6.97 
6.97 
6.95 
6.95 
6.95 

6.95 

6.93 

6.93 
6.92 

6.92 

6.92 
6.92 
6.90 
6.90 
6.90 

6.88 
6.88 
6.88 
6.87 
6.87 

6.87 
6.85 
6.85 
6.85 
6.85 

D. 1". 



Got. 



0.488 224 
.487 794 
.487 365 
.486 936 
486 507 

0486 079 
.485 651 
.485 223 
.484 796 

.484 369 

0483 943 
.483516 

.483 090 

.482 665 

.482 239 

0.481 814 
.481 390 
.480 966 
.480 542 
.480 118 

0479 695 
•479 272 
478 849 
.478 427 
.478 005 

0477 583 
.477 162 

476 741 
.476 320 

•475900 

0.475 480 
.475060 

474 641 
.474 222 

.473 803 

0473 385 
.472 967 

472 549 
.472 132 
•471 715 
0.471 298 
470 881 

.470 465 
470 049 
469 634 

0.469 219 
.468 804 
468 389 
.467 975 
.467 561 

0.467 147 
.466 734 
.466 321 
465908 
.465 496 

0.465 084 
.464 672 
.464 261 
•463 850 
463 439 

0.463 028 

Tan. 



60 

59 
58 

57 
56 

55 
54 
53 
52 
51 
50 

49 
48 

47 
46 

45 

44 

43 
42 

41 
40 

39 
38 

37 
36 

35 

34 

33 

32 

31 

30 

29 
28 

27 

26 

25 

24 

23 
22 

21 

20 

19 
18 

17 
16 

15 
14 
13 

12 
II 

ID 

9 
8 

7 
6 

5 

4 

3 

2 

I 
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2P 



Sin. 



o 


9-554 329 


I 


•554 658 


2 


•554 987 


3 


•555 315 


4 


•555 643 


5 


9.555 971 


6 


.556 299 


7 


.556 626 


8 


•556 953 


9 


•557 280 


lO 


9.557606 


II 


•557 932 


12 


.558 258 


13 


•558 583 


14 


.558909 


15 


9-559 234 


i6 


•559 558 


17 


.559 883 


i8 


.560 207 


19 


•560 531 


20 


9.560 855 


21 


.561 178 


22 


.561 501 


23 


.561 824 


24 


.562 146 


25 


9.562 468 


26 


.562 790 


27 


.563112 


28 


•563 433 


29 


•563 755 


30 


9.564 075 


31 


.564 396 


32 


.564716 


33 


.565 036 


34 


•565 356 


35 


9.565 676 


36 


•565 995 


37 


.566314 


38 


.566 632 


39 


.566951 


40 


9.567 269 


41 


.567 587 


42 


.567 904 


43 


.568 222 


44 


-568 539 


45 


9.568 856 


46 


.569 172 


47 


.569 488 


48 


.569 804 


49 


.570 120 


50 


9-570435 


51 


.570751 


52 


.571 066 


53 


.571 380 


54 


•571 695 


55 


9.572009 


56 


•572 323 


57 


.572 636 


58 


•572 950 


59 


•573263 


60 


9^573 575 



Cos. 



D. 1". 



5.48 
5.48 

5-47 
5-47 
547 

5.47 
5-45 
5-45 
5-45 
5-43 

5-43 
5-43 
5-42 

5-43 
5-42 

5^40 
5-42 
5-40 
540 
540 

5.38 
5-38 
5-38 
5-37 
5-37 

5-37 
5.37 
5-35 
5-37 
5-33 

5-35 
5-33 
5-33 
5-33 
5-33 

5-32 
5^32 

5-30 
5^32 

5-30 

5-30 
5.28 

5-30 
5.28 

5.28 

5^27 
5-27 
5^27 
5^27 
5^25 



•27 
•25 
.23 
•25 
•23 

.23 
5.22 

5-23 
5.22 

5.20 
D. 1". 



5- 
5- 
5- 
5- 
5- 

5- 



Cos. 



9.970152 
.970 103 

.970 055 
.970 006 

•969 957 
9.969 909 
.969 860 
.969811 
.969 762 
.969 714 

9.969 665 
.969616 
.969 567 
.969518 
.969 469 

9.969 420 
.969 370 
.969321 
.969 272 
.969 223 

9.969173 
.969 124 
.969 075 
.969 025 
.968 976 

9.968 926 
.968 877 
.968 827 
.968 777 
.968 728 

9.968 678 
.968 628 
.968 578 
.968 528 
.968 479 

9.968 429 
.968 379 
.968 329 
.968 278 
.968 228 

9.968178 
.968 128 
.968 078 
.968 027 
.967 977 

9.967 927 
.967 876 
.967 826 
.967 775 
.967 725 

9.967 674 
.967 624 

-967 573 
.967 522 

.967 471 

9.967 421 
.967 370 
.967 319 
.967 268 
.967 217 

9.967 166 
Sln^ 



D. 1". 



.82 
.80 
.82 
.82 
.80 

.82 
.82 
.82 
.80 
.82 

.82 
.82 
.82 
.82 
.82 

.83 
.82 

.82 

.82 

.83 
.82 
.82 

•83 
.82 

•83 
.82 

.83 

•83 
.82 

•83 

.83 

.83 

.83 
.82 

•83 

•83 

.83 
.85 

.83 
.83 

•83 
.83 
.85 
.83 
•83 
.85 
•83 
•85 

.83 
.85 

•83 
.85 

•85 
.85 

•83 
.85 
.85 

.85 
.85 

-85 
D. 1". 

68^ 



Tan. 



9.584177 

•584 555 
.584 932 

•585 309 
.585 686 

9.586062 
.586439 
.586815 
.587 190 
.587 566 

9.587 941 
.588316 
.588 691 
.589 066 
.589 440 

9.589 814 
.590 188 
.590 562 

.590 935 
.591 308 

9.591 681 
.592054 
.592 426 
.592 799 
•593 171 

9^593 542 
•593914 
•594 285 
•594 656 
.595 027 

9.595 398 
•595 768 
.596 138 
.596 508 
.596 878 

9.597 247 
.597 616 

•597 985 
.598 354 
.598 722 

9.599091 

•599 459 
.599 827 

.600 194 

.600562 

9.600 929 
.601 296 
.601 663 
.602 029 
.602 395 

9.602 761 
.603 127 

.603 493 
.603 858 
.604 223 

9.604 588 
.604 953 
.605317 
.605 682 
.606 046 

9.606 410 
Got. 



D. 1". 



6.30 
6.28 
6.28 
6.28 
6.27 

6.28 
6.27 
6.25 
6.27 
6.25 

6.25 
6.25 
6.25 
6.23 
6.23 

6.23 
6.23 
6.22 
6.22 
6.22 

6.22 
6.20 
6.22 
6.20 
6.18 

6.20 

6. 

6. 

6. 

6. 

6. 
6. 
6. 
6. 
6. 

6. 
6. 
6. 
6. 
6. 

6. 
6. 
6. 
6. 
6. 

6. 
6. 
6. 
6. 
6. 



8 
8 
8 
8 

7 
7 
7 
7 
5 

5 
5 
5 
3 
5 

3 

3 
2 

3 

2 

2 

2 
o 
o 
o 



o 
o 



6. 

6. 

6.08 

6.08 

6.08 

6.08 
6.07 
6.08 
6.07 
6.07 

D. 1". 



Got. 



0.415 823 

415445 
.415068 

.414691 

.414314 

0.413938 
.413561 
413 185 
.412810 
.412434 

0.412059 
.411 684 
.411 309 
.410 934 
.410 560 

0.410 186 
.409812 
.409 438 
.409 065 
.408 692 

0.408 319 
.407 946 

407 574 
.407 201 

.406 829 

0.406458 
.406 086 
.405715 

.405 344 
•404 973 
0.404 602 
.404 232 
.403 862 
.403 492 
.403 122 

0.402 753 
.402 384 
.402015 
.401 646 
.401 278 

0.400 909 
.400541 
.400 1 73 
•399 806 
.399 438 

0.399071 
.398 704 
•398 337 
.397971 
.397 605 

0.397 239 
•396873 

.396 507 
.396 142 

.395 777 
0.395412 

•395 047 
•394 683 
•394318 
•393 954 
0.393 590 
Tan. 



60 

59 
58 
57 
56 

55 
54 
53 
52 
51 
50 

49 
48 

47 
46 

45 

44 

43 
42 

41 
40 

39 
38 

37 
36 

i 35 
34 
33 
32 
31 

30 

29 
28 

27 

26 

25 

24 

23 
22 

21 

20 

19 
18 

17 
16 

15 

14 

13 
12 

II 

10 

9 
8 

7 
6 

5 

4 

3 
2 

I 
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2CP 



M. 



o 
I- 

a 

3 

4 

5 
6 

7 
8 

9 

lO 

II 

12 

13 
14 

15 
i6 

17 
i8 

19 

20 
21 
22 
23 

24 

25 
26 

27 

28 

29 

30 
31 

32 

33 
34 

35 
36 
37 
38 

39 
40 

41 
42 

43 
44 

45 
46 

47 
48 

49 
50 
51 
52 
53 
54 

55 
56 

57 
58 

59 

60 



Sin. 



D. 1". 



9.534052 

•534 399 
•534 745 
.535 092 
•535 438 

9.535 783 
•536 129 

•536 474 
.536818 

•537 163 

9.537 507 
•537851 
.538 194 
•538 538 
.538 880 

9.539 223 
•539 565 

•539 907 
.540 249 

•540 590 

9^540 931 
.541 272 

•541 613 
•541 953 
•542 293 

9.542 632 
.542 971 

•543 310 
.543 649 
•543 987 

9-544 325 
•544 663 
.545 0(X> 

•545 338 
•545 674 

9.546 01 1 

•546 347 
.546 683 
.547019 

•547 354 

9.547 689 
.548 024 

•548 359 
.548 693 
.549 027 

9.549 360 

•549 693 
.550 026 

•550 359 
.550 692 

9.551 024 

.551 356 
.551687 

.552018 
•552 349 

9.552 680 
.553010 

•553 341 
.553 670 
.554 000 

9.554 329 
O08. 



5.78 

5-77 
5.78 



5- 
5' 

5. 
5- 
5- 
5- 
5- 



77 
75 

77 
75 
73 
75 
73 



5^73 
5-72 

5-73 
5.70 

5.72 

5.70 

5.70 

5.70 

5.68 

5.68 

5.68 
5.68 
5.67 
5.67 

5^65 
5.65 
5.65 
5.65 

5^63 
5^63 

5-63 
5.62 

5^63 
5.60 

5.62 

5.60 
5.60 
5.60 
5.58 
5.58 

5.58 
5.58 

5-57 
5-57 
5-55 

5-55 



5- 
5- 
5- 
5- 

5- 



•55 
•55 
•55 
•53 

•53 
5-52 
5^52 
5-52 
5.52 
5.50 

5^52 
5.48 

550 
5.48 

D. 1". 



Oos. 



9.972 986 

•972 940 

•972 894 
.972 848 

.972 802 

9972 755 
•972 709 
.972 663 

.972617 

•972 570 

9.972 524 
•972 478 
.972431 

•972 385 

•972 338 

9.972 291 

.972 245 
.972 198 
.972 151 
.972 105 

9.972058 
.972011 

.97 
.97 
.97 

9-97 
•97 
•97 
•97 
•97 

9.97 
•97 
•97 
.97 
•97 

9.97 
•97 
•97 
.97 
•97 

9^97 
•97 
•97 



964 
917 
870 

823 
776 

729 
682 

635 
588 
540 

493 
446 

398 

351 

303 
256 

208 

161 

"3 

066 

018 



.970 970 
.970 922 

9.970 874 
.970 827 
.970 779 
.970731 
.970 683 

9.970 635 
.970 586 

•970 538 
.970 490 

.970 442 

9-970 394 
.970 345 
.970 297 

•970 249 
.970 200 

9.970 152 

Sin. 



D. 1". 



•77 

•77 

.77 

•77 
.78 

•77 
•77 
•77 
.78 
•77 

.77 
.78 

•77 
•78 
.78 

•77 
.78 
•78 

•77 
•78 

.78 
•78 
•78 
.78 
.78 

•78 

•78 
.78 
.78 
.78 

.80 

•78 
•78 
.80 

•78 
.80 
.78 
.80 
.78 
.80 

.78 
.80 
.80 
.80 
.80 

.78 
.80 
.80 
.80 
.80 

.82 
.80 
.80 
.80 
.80 

.82 
.80 
.80 
.82 
.80 

D. 1", 

69^ 



Tan. 



9.561 066 

•561 459 
.561 851 

.562 244 

.562 636 

9.563 028 

•563419 
.563811 

.564 202 
.564 593 

9.564 983 

•565 373 

•565 763 
.566 153 

.566 542 

9.566 932 
.567 320 
.567 709 
.568098 
.568486 

9.568 873 
.569 261 
.569 648 
•570035 
.570422 

9.570 809 

•57' 195 
.571 581 

.571 967 
•572 352 

9^572 738 
•573 123 
•573 507 
•573892 
.574276 

9.574 660 

•575 044 

•575 427 
.575810 

•576 193 

9.576 576 

•576 959 

•577 341 

•577 723 
.578 104 

9.578 486 
•578867 

•579 248 
.579 629 
.580009 

9.580 389 
.580 769 
.581 149 
.581 528 
.581 907 

9.582 286 
.582 665 

•583 044 
.583 422 

.583 800 

9.584177 
Got. 



D. 1". 



6.55 

6^53 
6.55 
6^53 
6.53 
6.52 

6.53 
6.52 

6.52 

6.50 

6.50 
6.50 
6.50 
6.48 
6.50 

6.47 
6.48 
6.48 
6.47 

6.45 
6.47 
6.45 
6.45 
6.45 
6.45 

6.43 

6.43 

6.43 
6.42 

6.43 
6.42 
6.40 
6.42 
6.40 
6.40 

6.40 
6.38 
6.38 
6.38 
6.38 

6.38 

6.37 
6.37 
6.35 
6.37 

6.35 
6.35 
6^35 
6.33 
6.33 

6.33 

6.33 
6.32 

6.32 

6.32 

6.32 
6.32 
6.30 
6.30 
6.28 

D. 1". 



Got. 



0.438 934 


60 


•438 541 


59 


.438 149 


58 


•437 756 


57 


.437 364 


56 


0.436 972 


55 


.436 581 


54 


.436189 


53 


•435 798 


52 


435 407 


51 


0.435017 


50 


•434 627 


49 


•434 237 


48 


•433 847 


47 


.433 458 


46 


0.433 068 


45 


.432 680 


44 


.432 291 


43 


431902 


42 


•431 5H 


41 


0.431 127 


40 


.430 739 


39 


.430 352 


38 


.429 965 


37 


.429 578 


36 


0.429 191 


35 


.428 805 


34 


.428419 


33 


•428033 


32 


.427 648 


31 


0.427 262 


30 


.426 877 


29 


•426 493 


28 


.426 108 


27 


•425 724 


26 


0.425 340 


25 


•424 956 


24 


•424573 


23 


.424 190 


22 


•423 807 


21 


0.423 424 


20 


.423 041 


19 


.422 659 


18 


•422 277 


17 


.421 896 


16 


0.421 514 


15 


•421 133 


14 


•420 752 


13 


•420371 


12 


.419991 


II 


0.419 611 


10 


•419 231 


9 


.418851 


8 


.418472 


7 


.418093 


6 


0.417 714 


5 


.417335 


4 


.416956 


3 


.416578 


2 


.416 200 


I 


0.415823 






Tan. 



M. 
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2P 



Sin. 



o 


9-554 329 


I 


.554 658 


2 


•554 987 


3 


•555315 


4 


.555 643 


5 


9.555 971 


6 


.556 299 


7 


.556 626 


8 


•556 953 


9 


•557 280 


lO 


9.557606 


zz 


•557 932 


za 


.558 258 


13 


•558 583 


M 


.558909 


15 


9-559 234 


z6 


.559 558 


17 


•559 883 


z8 


.560 207 


Z9 


•560 531 


20 


9.560 855 


az 


.561 178 


aa 


.561 501 


as 


.561 824 


24 


.562 146 


25 


9.562 468 


a6 


.562 790 


a7 


.563112 


as 


.563 433 


ag 


.563 755 


30 


9-564 075 


31 


.564 396 


32 


.564 716 


33 


•565 036 


34 


•565 356 


35 


9.565 676 


36 


•565 995 


37 


.566314 


38 


.566 632 


39 


.566951 


40 


9.567 269 


41 


.567 587 


42 


.567 904 


43 


.568 222 


44 


.568 539 


45 


9.568 856 


46 


.569 172 


47 


.569 488 


48 


.569 804 


49 


.570 120 


50 


9-570435 


51 


.570751 


52 


.571 066 


53 


.571 380 


54 


•571 695 


55 


9.572009 


56 


•572 323 


57 


.572636 


58 


•572 950 


59 


-573 263 


60 


9-573 575 



G08i 



D. 1 



It 



5.48 
5.48 

5^47 
5-47 
5-47 

5^47 
5-45 
5-45 
5-45 
543 

5-43 
5-43 
5^42 

5^43 
5^42 

5-40 
5.42 

5^40 
540 
540 

5.38 
5^38 
5^38 
5^37 
5-37 

5^37 
5-37 
5-35 
5-37 
5-33 

5-35 
5-33 
5-33 
5-33 
5-33 

5-32 
5^32 

530 
5^32 

5-30 

5-30 
5.28 

5^30 
5.28 

5.28 

5^27 
5^27 
5-27 
5-27 
5^25 

5-27 
5^25 
5^23 
5.25 
5-23 

5^23 
5.22 

5-23 

5.22 

5.20 



Cos. 



D. 1". I 



9.970152 
.970 103 

•970055 
.970006 

.969 957 

9.969909 
.969 860 
.969811 
.969 762 
.969 714 

9.969 665 
.969 616 
.969 567 
.969518 
.969469 

9.969 420 
.969 370 
.969 321 
.969 272 
.969 223 

9^969173 
.969 124 

.969 075 

.969 025 

.968 976 

9.968 926 
.968 877 
.968 827 
.968 777 
.968 728 

9.968 678 
.968 628 
.968 578 
.968 528 
.968 479 

9.968 429 
.968 379 
.968 329 
.968 278 
.968 228 

9.968 178 
.968128 
.968 078 
.968 027 
.967 977 

9.967 927 
.967 876 
.967 826 

•967 775 
.967 725 

9.967 674 
.967 624 

•967 573 
.967 522 

.967471 

9.967 421 
.967 370 
.967319 
.967 268 
.967 217 

9.967 166 
Sin; 



D. 1 



// 



.82 
.80 
.82 
.82 
.80 

.82 
.82 
.82 
.80 
.82 

.82 
.82 
.82 
.82 
.82 

-83 
.82 

.82 

.82 

.83 
.82 
.82 

.83 
.82 

•^^ 
.82 

•83 

•83 
.82 

.83 

.83 

•83 

.83 
.82 

-83 

-83 

-83 
.85 

•83 
.83 

.83 

•83 
.85 

.83 
.83 
.85 

.83 
.85 

•83 
•85 

.83 

.85 

-85 
.85 

.83 
.85 
.85 
.85 
.85 
.85 

D. 1". 

68^ 



Tan. 



9-584177 

•584 555 
.584 932 

•585 309 
.585 686 

9.586062 

-586 439 
.586815 
.587 190 
.587 566 

9.587 941 
.588316 
.588 691 
.589 066 
-589 440 

9.589 814 
.590 188 
.590 562 

•590 935 
.591 308 

9.591 681 
.592054 
.592426 
-592 799 
•593 171 

9^593 542 
.593 9>4 
-594 285 
•594 656 
•595 027 

9-595 398 
-595 768 
•596 138 
.596 508 
.596 878 

9-597 247 
.597616 

-597 985 
•598 354 
.598 722 

9.599091 

•599 459 
.599 827 
.600 194 
.600562 

9.600 929 
.601 296 
.601 663 
.602 029 
.602 395 

9.602 761 
.603 127 
-603 493 
.603 858 
.604 223 

9.604 588 
.604953 
.605 317 
.605 682 
.606 046 

9.606410 
Got. 



D. 1". 



6.30 
6.28 
6.28 
6.28 
6.27 

6.28 
6.27 
6.25 
6.27 
6.25 

6.25 
6.25 
6.25 
6.23 
6.23 

6.23 
6.23 
6.22 
6.22 
6.22 

6.22 
6.20 
6.22 
6.20 
6.18 

6.20 



6. 
6. 
6. 
6. 

6. 
6. 
6. 
6. 
6. 

6. 
6. 
6. 
6. 
6. 

6. 
6. 
6. 
6. 
6. 

6. 
6. 
6. 
6. 
6. 

6. 

6. 

6.08 

6.08 

6.08 

6.08 
6.07 
6.08 
6.07 
6.07 

D. 1". 



3 

5 

3 

3 

2 

3 
2 

2 
2 
o 
o 
o 

o 
o 



Got. 



0.415 823 

-415445 
.415068 

.414691 

.414314 

0.413938 

.413561 
.413185 
.412810 
.412434 

0.412059 
.411 684 
.411 309 
.410 934 
.410 560 

0.410 186 
.409812 
.409 438 
.409 065 
.408 692 

0.408319 
.407 946 

•407 574 
.407 201 

.406 829 

0.406458 
.406 086 
.405715 

•405 344 
•404 973 
0.404 602 
.404 232 
403 862 
.403 492 
.403 122 

0.402 753 
.402 384 
.402015 
.401 646 
.401 278 

0.400 909 
.400 541 
.400 173 
.399 806 

-399 438 
0.399071 
.398 704 
-398 337 
.397971 
.397 605 

0.397 239 
•396 873 

-396 507 
.396 142 

•395 777 
0.395412 

•395 047 
•394 683 
.394318 

.393 954 

0.393 590 

Tan. 



60 

59 
58 

57 
56 

55 
54 
53 
52 
51 
50 

49 
48 

47 
46 

45 
44 
43 
42 
41 
40 

39 
38 

37 
36 

I 35 
34 
33 
32 
31 

30 

29 
aS 

27 
a6 

25 

24 

23 
aa 

ai 

ao 

19 
z8 

17 
z6 

15 

14 

13 
za 

zz 

zo 

9 
8 

7 
6 

5 

4 

3 

a 

z 



M. 



40 LOGARITHMIC SINES, COSINES, TANGENTS, AND COTANGENTS. 

22^ 



M. 



Sin. 






9.573 575 


I 


.573 ^S^ 


2 


.574 200 


3 


•574512 


4 


•574 824 


5 


9-575 136 


6 


•575 447 


7 


•575 758 


8 


.576069 


9 


•576 379 


lO 


9.576 689 


II 


.576 999 


12 


•577 309 


13 


.577618 


14 


•577927 


15 


9.578 236 


i6 


•578 545 


17 


•578 853 


i8 


•579 162 


19 


•579470 


20 


9.579 777 


21 


.580 085 


22 


.580 392 


23 


.580 699 


24 


.581 005 


25 


9.581 312 


26 


.581 618 


27 


.581 924 


28 


.582 229 


29 


•582 535 


30 


9.582 840 


31 


.583 145 


32 


•583 449 


33 


•583 754 


34 


.584058 


35 


9.584 361 


36 


.584 665 


37 


.584 968 


38 


.585 272 


39 


•585 574 


40 


9.585 877 


41 


.586179 


42 


.586 482 


43 


.586 783 


44 


.587 085 


45 


9.587 386 


46 


.587 688 


47 


•587 989 


48 


.588 289 


49 


.588 590 


50 


9.588 890 


51 


.589 190 


52 


•589 489 


53 


.589 789 


54 


.590 088 


55 


9.590 387 


56 


.590 686 


57 


.590 984 


58 


.591 282 


59 


.591 580 


60 


9.591 878 



D. 1". 



Oos. 



5.22 
5.20 
5.20 
5.20 
5.20 

5.18 
5.18 
5.18 

5-17 

5-17 
5^17 
5-15 
5-15 
5-15 

5-15 

5-'3 
5.12 

5-13 
5.12 

5.12 

5.10 

5.12 

5.10 
5.10 
5.08 
5.10 
5.08 

5.08 
5.07 
5.08 

5^07 
5.05 

5^07 
5.05 

5.07 

5-03 
5.05 

5-03 

5-05 
5.02 

5^03 
5.02 

5^03 
5.02 

5.00 

5.02 

5.00 

5.00 
4.98 
5.00 
4.98 
4.98 

4.98 
4.97 
4-97 
4.97 
4.97 

D. 1". 



Cos. 



D. 1". 



9.967 166 
.967115 
.967 064 
.967013 
.966 961 

9.966910 
.966 859 
.966 808 
.966 756 
.966 705 

9.966 653 
.966 602 
.966 550 
.966 499 
.966 447 

9.966 395 
.966 344 
.966 292 
.966 240 
.966 188 

9.966 136 
.966 085 
.966 033 
.965 981 
.965 929 

9.965 876 
.965 .824 
.965 772 
.965 720 
.965 668 

9.965 615 
.965 563 
.9655" 
.965 458 
.965 406 

9.965 353 
.965 301 

.965 248 

•965 195 

•965 143 

9.965 090 

.965 037 
.964 984 

.964931 

.964 879 

9.964 826 

•964 773 
.964 720 

.964 666 

.964613 

9.964 560 
.964 507 
.964 454 
.964 400 

.964 347 

9.964 294 

.964 240 

.964 187 

.964 133 
.964 080 

9.964 026 



Sin. 



.85 
.85 
.85 
.87 

•85 
.85 
.85 

•87 

i^ 

•87 
.85 

•87 
■85 
•87 
•87 

•85 

•87 
.87 

.87 

.87 

.85 

•87 
.87 

.87 
.88 

•87 

•87 

•87 
.87 

.88 

.87 

.87 
.88 

.87 
.88 

.87 
.88 
.88 

•87 
.88 

.88 
.88 
.88 
.87 
.88 

.88 
.88 
.90 
.88 
.88 

.88 
.88 
.90 
.88 
.88 

.90 
.88 
.90 
.88 
.90 

D. 1". 



Tan. 



9.606 410 
.606 773 
.607 137 
.607 500 
.607 863 

9.608 225 
.608 588 
.608 950 
.609312 
.609674 

9.610036 
•610 397 
.610 759 
.611 120 
.61 1 480 

9.61 1 841 
.612 201 
.612561 
.612921 
.613281 

9.613 641 
.614000 
.614 359 
.614718 
.615077 

9.615435 

•615 793 
.616 151 

.616509 

.616867 

9.617 224 
.617 582 

.617939 
.618 295 

.618652 

9.619008 
.619 364 
.619 720 
.620 076 
.620 432 

9.620 787 
.621 142 
.621 497 
.621 852 
.622 207 

9.622 561 
.622915 
.623 269 
.623 623 
.623 976 

9.624 330 
.624 683 
.625 036 
.625 388 
.625 741 

9.626 093 
.626 445 
.626 797 
.627 149 
.627 501 

9.627 852 
Cot. 



D. 1". 



6.05 
6.07 
6.05 
6.05 
6.03 

6.05 
6.03 
6.03 
6.03 
6.03 

6.02 
6.03 
6.02 
6.00 
6.02 

6.00 
6.00 
6.00 
6.00 
6.00 

5.98 
5.98 
598 
5.98 

5-97 

5-97 
5-97 
5-97 
5-97 
5-95 

5^97 
5-95 
5 93 
5-95 
5-93 

5-93 

5-93 

5-93 

5-93 
5.92 

5.92 
5.92 
5.92 
5-92 
590 
5.90 
5.90 

5-90 
5.88 
5.90 

5.88 
5.88 
5.87 
5.88 
5.87 

5.87 

5-87 
5.87 

5.87 

5.85 

D. 1". 



Got. 


60 


0.393 590 


•393 227 


59 


.3y2 863 


58 


.392 500 


57 


•392 137 


56 


0.391 775 


55 


.391412 


54 


.391 050 


53 


.390 688 


52 


.390 326 


51 


0.389 964 


50 


.389 603 


49 


.389 241 


48 


.388 880 


47 


.388 520 


46 


0.388159 


45 


.387 799 


44 


•387 439 


43 


•387 079 


42 


.386719 


41 


0.386 359 


40 


.386 000 


39 


.385 641 


38 


.385 282 


37 


.384 923 


36 


0.384 565 


35 


.384 207 


34 


.383 849 


33 


•383491 


32 


.383 133 


31 


0.382 776 


30 


.382418 


29 


.382 061 


28 


•381 705 


27 


.38i 348 


26 


0.380 992 


25 


.380 636 


24 


.380 280 


23 


•379 924 


22 


•379 568 


21 


0.379213 


20 


.378 858 


19 


•378 503 


18 


.378 148 


17 


'•377 793 


16 


0.377 439 


15 


•377 085 


14 


.376731 


13 


.376 377 


12 


.376 024 


II 


0.375 670 


10 


•375317 


9 


•374 964 


8 


.374612 


7 


•374 259 


6 


0.373 907 


5 


•373 555 


4 


.373 203 


3 


•372851 


2 


.372 499 


I 


0.372 148 




M. 


Tan. 
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M. 



o 

X 

2 

3 
4 

5 
6 

7 
8 

9 
10 
II 
12 

13 
14 

15 
16 

17 
18 

19 
20 
21 
22 

23 
24 

25 
26 

27 

28 

29 

30 
31 
32 
33 
34 

35 

36 

37 

38 ^ 

39 

40 

41 
42 
43 
44 

45 
46 

47 
48 

49 

50 

51 
52 
53 
54 

55 
56 

57 
58 

59 

60 



Sin. 



9.591 878 
.592 176 

•592 473 
.592 770 
.593 067 

9-593 363 

•593 659 

•593 955 
.594251 

•594 547 
9.594 842 

.595 137 
•595 432 

•595 727 
.596021 

9596315 
.596 609 

•596 903 

•597 196 
.597 490 

9^597 783 
.598 075 

.598 368 

.598 660 

.598952 

9.599 244 

.599 536 
.599 827 
.600 118 
.600409 

9.600700 
.600990 
.601 280 
.601 570 
.601 860 

9.602 150 
.602 439 
.602 728 
.603017 
•603 305 

9.603 594 
.603 882 
.604 170 
.604457 
•604 745 

9.605 032 
•605 319 
.605.606 
.605 892 
.606 179 

9.606 465 
.606 751 
.607 036 
.607 322 
.607607 

9.607 892 
.608 177 
.608 461 
.608 745 
.609 029 

9. 609313 
Cos. 



D. 1". 



4-97 
4^95 
4.95 
4.95 
4.93 

4.93 

4-93 

4.93 

4.93 
4.92 

4.92 
4.92 
4.92 
4.90 
4.90 

4.90 
4.90 
4.88 
4.90 
4.88 

4.87 
4.88 

4.87 
4.87 

4.87 

4.87 
4.85 
4.85 
4.85 
4.85 

4.83 

4.83 

4.83 

4.83 

4.83 

4.82 . 

4.82 

4.82 

4.80 

4.82 

4.80 
4.80 

4.78 
4.80 

4.78 

4.78 
4.78 
4.77 
4.78 
4.77 

4.77 
4.75 
4.77 
4.75 
4^75 

4-75 
4-73 
4.73 

4.73 
4.73 

D. 1". 



Cos. 



9.964 026 
.963 972 
.963919 
.963 865 
.963811 

9.963 757 
.963 704 

.963 650 

•963 596 

.963 542 

9.963 488 

.963 434 

•963 379 

.963 325 
.963271 

9.963217 
.963 163 
.963 108 
.963 054 
.962 999 

9.962 945 
.962 890 
.962 836 
.962 781 
.962 727 

9.962 672 
.962617 
.962 562 
.962 508 
.962 453 

9.962 398 

.962 343 

.962 288 

.962 233 

-.962 178 

9.962 123 
.962 067 
.962012 
.961 957 
.961 902 

9.961 846 
.961 791 

•961 735 
.961 680 
.961 624 

9.961 569 
.961 513 
.961 458 
.961 402 
.961 346 

9.961 290 
.961 235 
.961 179 
.961 123 
.961 067 

9.961 on 

.960955 
.960 899 

.960 843 
.960 786 

9.960 730 



D. 1". 



Sin. 



90 
88 
90 
90 
90 

88 
90 
90 
90 
90 

90 
92 
90 
90 
90 

90 

92 
90 

92 
90 

92 
90 

92 
90 

92 

92 

92 
90 

92 
92 

92 
92 
92 
92 
92 

93 
92 
92 
92 
93 
92 

93 
92 

93 
92 

93 
92 

93 
93 
93 

92 
93 
93 
93 
93 

93 
93 
93 
95 
93 



D. 1". 

66° 



Tan. 



9.627 852 
.628 203 
.628 554 
.628 905 
.629 255 

9.629 606 
.629 956 
.630 306 
.630 656 
.631 005 

9.631 355 
.631 704 

.632 053 

.632 402 

.632 750 

9.633 099 
.633 447 
.633 795 
•634 143 
.634 490 

9.634 838 

•635 185 

.635 532 

•635 879 
.636 226 

9.636 572 
.636919 
.637 265 
.637611 

.637 956 

9.638 302 

.638 647 

.638 992 

.639 337 
.639 682 

9.640 027 
.640371 
.640 716 
.641 060 
.641 404 

9.641 747 
.642091 
.642 434 
.642 777 
.643 120 

9.643 463 
.643 806 
.644 148 
.644 490 
.644 832 

9.645 174 
.645 516 

.645 857 
.646 199 

.646 540 

9.646 881 
.647 222 
.647 562 
.647 903 
.648 243 

9-648 583 

Got. 



D. 1". 



5.85 

5.85 
5.85 

5-83 
5-85 

5-83 
5.83 

5.83 

5.82 

5^83 
5.82 
5.82 
5.82 
5.80 
5.82 

5.80 
5-80 
5-80 
5.78 
5.80 

5.78 
5.78 
5.78 
5.78 

5^77 
5.78 

5^77 
5-77 
5.75 
5-77 

5-75 
5-75 



5- 
5- 
5- 

5- 
5- 

5- 
5- 
5- 



75 
75 
75 

73 
75 
73 
73 
72 



5-73 
5-72 
5.72 
5.72 
5^72 

5-72 
5.70 
5.70 

5-70 
5.70 

5.70 
5.68 
5.70 
5.68 
5.68 

5.68 
5.67 
5-68 
5.67 
5.67 

D. 1". 



Cot. 



0.372 148 


60 


.371 797 


59 


.371 446 


58 


•371 095 


57 


-370 745 


56 


0.370 394 


55 


.370 044 


54 


.369 694 


53 


.369 344 


52 


.368 995 


51 


0.368 645 


50 


.368 296 


49 


•367 947 


48 


•367 598 


47 


.367 250 


46 


0.366 901 


45 


•366 553 


44 


.366 205 


43 


.365 857 


42 


.365 510 


41 


0.365 162 


40 


.364815 


39 


.364 468 


38 


.364 121 


37 


•363 774 


36 


0.363 428 


35 


.363081 


34 


.362 735 


33 


.362 389 


32 


.362 044 


31 


0.361 698 


30 


•361 353 


29 


.361 008 


28 


.360 663 


27 


.360318 


26 


0-359 973 


25 


•359 629 


24 


•359 284 


23 


•358 940 


22 


•358 596 


21 


0.358 253 


20 


.357 909 


19 


•357 566 


18 


•357 223 


17 


.356 880 


16 


0.356 537 


15 


.356 194 


14 


•355 852 


13 


•355510 


12 


.355 168 


II 


0.354 826 


10 


.354 484 


9 


•354 143 


8 


.353 801 


7 


.353 460 


6 


0.353 "9 


5 


•352 778 


4 


•352438 


3 


.352 097 


2 


•351 757 


I 


0.351 417 






Tan. 



M. 
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24° 



o 

I 

2 

3 

4 

5 
6 

7 
8 

9 

lO 
IX 

la 
13 
M 

z6 

17 
i8 

19 

20 
21 
22 

23 
24 

25 
26 

27 

28 

29 

30 

31 

32 

33 
34 

35 
36 
37 
38 

39 
40 

41 
42 
43 
44 

45 
46 

47 
48 

49 

50 

51 
52 
53 
54 

55 
56 

57 
58 
59 
60 



Sin. 



9.609313 
.609597 
.609880 
.610 164 
.610447 

9.610 729 
.611 012 
.61 1 294 
.611 576 
.611858 

9.612 140 
.612421 
.612 702 
.612983 
.613264 

9-6 1 3 545 
.613825 

.614 105 

.614 385 

.614665 

9.614944 
.615223 
.615 502 
.615 781 
.616060 

9.616338 
.616616 
.616894 
.617 172 
.617450 

9.617 727 
.618004 
.618281 
.618558 
.618 834 

9.619 no 
.619 386 
.619 662 
.619 938 
.620213 

9.620 488 
.620 763 
.621 038 
.621 313 
.621 587 

9.621 861 
.622 135 
.622 409 
.622 682 
.622 956 

9.623 229 
.623 502 
.623 774 
.624 047 
.624319 

9.624 591 
.624 863 
.625 135 
.625 406 
.625 677 

9.625 948 
Gob. 



D. 1". 



4-73 
4.72 

4.73 
4.72 

4.70 

4.72 
4.70 
4.70 
4.70 
4.70 

4.68 
4.68 
4.68 
4.68 
4.68 

4.67 
4.67 
4.67 
4.67 
4.65 

4.65 
4.65 
4.65 
4.65 
463 

4.63 
4.63 
463 
4-63 
4.62 

4.62 
4.62 
4.62 
4.60 
4.60 

4.60 
4.60 
4.60 
4.58 
4.58 
4.58 
4.58 
4.58 
4.57 
4-57 

4-57 
4.57 
4.5s 
4-57 
4.55 

4.5s 
4-53 
4.55 
4.53 
4.53 

4.53 
4.53 
452 
452 
452 

D. 1". 



O08. 



9.960 730 
.960 674 
.960618 
.960 561 
.960 505 

9.960 448 
.960 392 

•960 335 
.960 279 
.960 222 

9.960 165 
.960 109 
.960 052 

•959 995 
.959 938 
9.959 882 
.959 825 
.959 768 

•959 7" 
•959 654 

9-959 596 
•959 539 
•959 482 
.959 425 
•959 368 

9-959 310 
•959 253 
•959 195 
•959 138 
.959 080 

9.959 023 

•958 965 
.958 908 
.958 850 
.958 792 

9^958 734 
.958 677 
.958 619 
.958 561 

•958 503 

9958 445 
.958 387 
•958 329 
.958 271 

.958213 

9.958 154 
.958 096 
.958 038 

•957 979 
.957921 

9-957863 
•957 804 
.957 746 
.957 687 
.957 628 

9.957 570 

•957 5" 
•957452 

•957 393 
•957 335 
9^957 276 
Sin. 



D. 1 



// 



.93 
.93 
•95 
•93 
•95 

•93 
•95 
•93 
•95 
•95 

.93 
•95 
•95 
•95 
•93 

•95 
•95 
•95 
•95 
.97 

•95 
•95 
•95 
•95 
•97 

•95 
•97 
•95 
•97 
•95 

•97 
•95 
•97 
•97 
•97 

•95 
•97 
•97 
•97 
•97 

.97 

•97 

.97 

•97 
.98 

•97 

•97 
.98 

•97 
•97 
.98 

•97 
.98 

.98 

•97 
.98 
.98 
.98 

•97 
.98 

650 



Tan. 



9.648 583 
.648 923 
.649 263 
.649 602 
.649 942 

9.650 281 
.650 620 

•650 959 
.651 297 
.651 636 

9.651 974 
.652 312 
.652 650 
.652 988 
•653 326 

9^653 663 
.654000 

•654 337 
.654 674 

.655011 

9-655 348 
.655 684 
.656 020 
.656 356 
.656 692 

9.657028 

.657 364 

•657 699 
.658 034 

;658 369 
9.658 704 

•659 039 

•659 373 
.659 708 

.660 042 

9.660 376 
.660 710 
.661 043 
.661 377 
.661 710 

9.662 043 
.662 376 
.662 709 
.663 042 

•663 375 

9.663 707 
.664 039 
.664371 
.664 703 
.665 035 

9.665 366 
.665 698 
.666 029 
.666 360 
.666 691 

9.667 02I 
.667 352 
.667 682 
.668013 
.668 343 

9-668 673 
Got. 



D. 1". 



5.67 
5.67 
5.65 
5.67 

565 
5.65 
5.65 

563 
565 
563 

563 

563 

563 

563 
5.62 

5.62 
5.62 
5.62 
5.62 
5.62 

5.60 
5.60 
5.60 
5.60 
5.60 

5.60 

5^58 
5^58 
5.58 

5.58 

558 

5-57 
5.58 

5-57 
5-57 

5^57 



5 
5 
5 
5 

5 
5 
5 
5 



-55 
•57 
55 
55 

55 
55 
55 
55 



5^53 



5- 
5- 
5- 
5- 
5- 



•53 
•53 
•53 
•53 
•52 

5-53 -. 

5-52 

552 

5^52 

550 

5^52 
5.50 

5-52 

550 

550 

D. 1". 



Got. 



0.351 417 

•351077 
•350 737 
•350 398 
•350058 
0.349719 

•349 380 
.349041 

..348 703 

.348 364 

0.348 026 

.347 688 

•347 350 
.347012 

•346 674 

0.346 337 
.346000 

-345 663 
.345 326 
•344 989 

0.344 652 
•344316 
.343 980 
•343 644 
•343 308 

0.342 972 
.342 636 
.342 301 
.341 966 
•341 631 

0.341 296 
.340 961 
.340 627 
.340 292 

•339 958 
0.339 624 
.339 290 
•338 957 
.338 623 
.338 290 

0.337 957 
•337 624 
•337 291 
•336 958 
.336 625 

0.336 293 
.335 961 
•335 629 
•335 297 
•334 965 

0.334 634 
•334 302 
•333 971 
•333 640 
•333 309 

0.332 979 
.332 648 

•332 318 
•331 987 
•331 657 

0-33' 327 

Tan. 



60 

59 
58 

57 
56 

55 
54 
53 
52 
51 
50 

49 
48 

47 
46 

45 
44 
43 
42 
41 
40 

39 
38 

37 
36 

35 
34 
33 
32 

31 

30 

29 
28 

27 
26 

25 

24 

23 
22 

21 

20 

19 
z8 

17 
16 

15 
14 
13 

12 
IZ 

10 

9 
8 

7 
6 

5 

4 

3 

2 

z 
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Sin. 






9.625 948 


z 


.626 219 


2 


.626 490 


3 


.626 760 


4 


.627 030 


5 


9.627 300 


6 


.627 570 


7 


.627 840 


8 


.628 109 


9 


.628 378 


10 


9.628 647 


II 


.628916 


12 


.629 185 


13 


.629 453 


14 


.629 721 


15 


9.629 989 


16 


.630 257 


17 


.630 524 


18 


.630 792 


19 


.631059 


20 


9.631 326 


21 


.631 593 


22 


.631 859 


23 


.632 125 


24 


.632 392 


25 


9.632 658 


26 


.632 923 


27 


.633 189 


28 


.633 454 


29 


•633 719 


30 


9-633 984 


31 


.634 249 


32 


.6345*4 


33 


•634 778 


34 


.635 042 


35 


9635 306 


36 


•635 570 


37 


•635 834 


38 


.636097 


39 


.636 360 


40 


9.636 623 


41 


.636 886 


42 


.637 148 


43 


.637 41 1 


44 


•637 673 


45 


9637 935 


46 


.638 197 


47 


.638 458 


48 


.638 720 


49 


.638 981 


50 


9.639 242 


51 


•639 503 


52 


.639 764 


53 


.640 024 


54 


.640 284 


55 


9.640 544 


56 


.640 804 


57 


.641 064 


58 


.641 324 


59 


.641 583 


60 


9.641 842 



008. 



D. 1". 



4.52 

4.52 
4.50 

4.50 
4.50 

4.50 
4.50 
4.48 
4.48 
4.48 

4.48 
4.48 

4.47 
447 
4.47 

447 
445 
447 
445 
445 

445 
443 
443 
445 
443 

442 

443 
442 
4.42 

442 
4.42 
4.42 
4.40 
4.40 
440 

4.40 
4.40 
4.38 
438 
4.38 

4-38 

4-37 
4.38 

4.37 
4.37 

4.37 
4.35 
4.37 
4.35 
4-35 

4.35 
4.35 
4-33 
4.33 
4-33 

4.33 
4.33 
4.33 
4.32 
4-32 

D. 1". 



Cos. 



9.957 276 
.957217 

■957 158 
.957099 
•957 040 
9.956981 
.956921 
.956 862 
.956 803 

•956 744 
9.956 684 
.956 625 
.956 566 
.956 506 

•956 447 

9.956 387 
•956 327 
.956 268 

.956 208 
.956 148 

9.956 089 
.956 029 

.955 969 
.955909 
.955 849 

9.955 789 
.955 729 
•955 669 
•955609 
•955 548 

9.955 488 
.955 428 
.955 368 
•955 307 
•955 247 

9.955 186 
.955 126 
•955 065 
•955 005 
.954 944 

9.954 883 
.954 823 
.954 762 

•954 701 
•954 640 

9.954 579 
.954518 

•954 457 
.954 396 
•954 335 

9.954 274 

•954 213 

.954 152 
.954090 

•954 029 
9.953 968 
•953 906 
•953 845 
•953 783 
•953 722 
9.953 660 

Sin. 



D. 1". 



.98 
.98 
.98 
.98 
.98 

1. 00 

.98 
.98 

.98 
1. 00 

.98 

.98 

1. 00 

.98 
1. 00 

1.00 

•98 
1. 00 
1. 00 

.98 

1. 00 
1. 00 
1. 00 
1. 00 
1. 00 

1. 00 
1. 00 
1. 00 
1.02 
1. 00 

1. 00 
1. 00 
1.02 
1. 00 
1.02 

1. 00 
1.02 
1. 00 
1.02 
1.02 

1. 00 
1.02 
1.02 
1.02 
1.02 

1.02 
1.02 
1.02 
1.02 
1.02 

1.02 
1.02 
1.03 
1.02 
1.02 

1.03 
1.02 
1.03 
1.02 
1.03 

b. 1". 



Tan. 



9.668 673 
.669002 
.669 332 
.669661 
.669991 

9.670 320 
.670 649 

.670 977 
.671 306 
.671 635 

9.671 963 
.672 291 
.672619 
.672 947 
.673 274 

9.673 602 

.673 929 

.674 257 

.674 584 
.674911 

9675 237 
.675 564 
.675 890 
.676217 

.676 543 
9.676 869 
.677 194 
.677 520 
.677 846 
.678 171 

9.678 496 
.678 821 
.679 146 
.679471 

.679 795 

9.680 120 
.680444 
.680 768 
.681 092 
.681 416 

9.681 740 
.682 063 
.682 387 
.682 710 
.683 033 

9.683 356 
.683 679 
.684001 
.684 324 
.684 646 

9.684 968 
.685 290 
.685 612 
.685 934 
.686 255 

9.686577 
.686 898 
.687 219 
.687 540 
.687 861 

9.688 182 
Got. 



D. 1". 



5^48 
5.50 
5.48 

5.50 
5.48 

5.48 

547 
548 
5.48 

547 

547 
547 
547 
5-45 
547 

5-45 
547 
5.45 .. 
5.45 
543 

545 
543 
5-45 
543 
5.43 

5-42 
543 
5^43 
542 
542 

542 
542 
5.42 
5.40 
5.42 

540 
540 
5.40 
5^40 
5.40 

538 
5.40 

5^38 
5-38 
5.38 

5.38 

5.37 
5-38 

5-37 
5^37 



5 
5 
5 
5 
5 

5 

5- 
5' 
5- 
5' 



37 
37 
37 
35 
37 

35 
35 
35 
35 
35 



D. 1". 



Got. 



331 327 
330 998 
330 668 

330 339 
330009 

329680 

329351 
329023 

328694 

328 365 

328 037 

327709 

327 381 

327 053 
326 726 

326 398 
326071 

325 743 
325416 

325 089 

324 763 
324436 
324 1 10 

323 783 
323 457 

323 131 
322806 

322480 

322 154 
321 829 

321 504 
321 179 

320 854 

320 529 

320 205 

319880 

319556 
319232 

318908 

318584 

318260 

317937 

317613 
317 290 

316967 

316644 
316 321 

315999 
315676 

315 354 

315032 
314710 
314388 
314066 

313 745 

313423 
313 102 

312781 

312460 

312 139 

311 818 
Tan. 



60 

59 
58 

57 
56 

55 
54 
53 
52 
51 
50 
49 
48 

47 
46 

45 
44 
43 
42 
41 
40 

39 
38 

37 
36 

35 
34 
33 
32 
31 
30 

29 
28 

27 
26 

25 

24 

23 
22 

21 
20 

19 
18 

17 
16 

15 

14 

13 
12 

II 
10 

9 
8 

7 
6 

5 

4 

3 

2 
I 



M. 



64 



.0 
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260 



M. 



Sin. 



o 


9.641 842 


I 


.642 10 1 


2 


.642 360 


3 


.642618 


4 


.642 877 


5 


9.643 135 


6 


•643 393 


7 


.643 650 


8 


.643 908 


9 


.644 165 


10 


9.644 423 


IX 


.644680 


12 


.644 936 


13 


.645 '93 


M 


.645 450 


15 


9.645 706 


i6 


.645 962 


17 


.646 218 


i8 


.646 474 


19 


.646 729 


20 


9.646 984 


21 


.647 240 


22 


.647 494 


23 


.647 749 


24 


.648 004 


25 


9.648 258 


26 


.648512 


27 


.648 766 


28 


.649 020 


29 


.649 274 


30 


9.649 527 


31 


.649 781 


32 


.650034 


33 


.650 287 


34 


•650 539 


35 


9.650 792 


36 


.651044 


37 


.651 297 


38 


.651 549 


39 


.651 800 


40 


9.652 052 


41 


.652 304 


42 


.652 555 


43 


.652 806 


44 


•653057 


45 


9.653 308 


46 


■653 558 


47 


.653 808 


48 


.654 059 


49 


.654 309 


50 


9.654 558 


51 


.654 808 


52 


.655 058 


53 


.655 307 


54 


.655 556 


55 


9.655 805 


56 


.656 054 


57 


.656 302 


58 


.656551 


59 


.656 799 


60 


9.657 047 



D. 1". 



O08. 



4.32 
4.32 
4.30 
4.32 
4.30 

4.30 
4.28 

4.30 
4.28 

4.30 
4.28 

4.27 
4.28 

4.28 

4.27 

4.27 
4.27 

4.27 

4.25 
4.25 

4.27 
4.23 

4.25 
4.25 

4.23 

4.23 
4.23 
4.23 
4.23 
4.22 

423 
4.22 
4.22 
4.20 
4.22 

4.20 
4.22 
4.20 
4.18 
4.20 

4.20 
4.18 
4.18 
4.18 
4.18 

4.17 



4 
4 
4 
4 

4 



17 

18 



17 
15 

17 
4.17 

4.15 
4-15 



4' 

4' 
4 
4 
4 
4 



15 

15 
13 
15 
13 
13 



Cos. 



D. 1". 



9.953 660 

.953 599 
.953 537 
.953 475 
.953413 

9.953 352 
.953 290 
.953 228 

•953 166 
•953 104 
9.953 042 
.952 980 
.952918 
•952 855 
•952 793 

9-952731 
.952 669 

.952 606 

•952 544 
.952481 

9.952419 

.952 356 
.952 294 
.952 231 
.952 168 

9.952 106 
.952043 
.951 980 

•951 917 
.951 854 

9.951 791 
.951 728 

.951665 

.951 602 

•951 539 

9.951476 
.951 412 

•951349 
.951 286 

.951 222 

9.951 159 
.95 1 096 

.951 032 

.950 968 

•950 905 
9.950841 
.950 778 
.950714 
.950 650 
.950 586 

9.950 522 

.950 458 

.950 394 

.950 330 
.950 266 

9.950 202 
.950 138 
.950 074 
.950010 

.949 945 
9.949 881 

Sin^ 



D. 1". 



.02 

•03 

•03 

.03 
.02 

•03 
•03 
•03 
.03 
.03 

•03 
.03 
•05 
•03 
.03 

•03 
.05 

.03 
.05 

•03 
.05 

•03 

.05 
.05 

.03 
.05 

■05 
.05 

•05 
.05 

■05 
.05 

.05 

.05 

.05 

.07 

.05 
.05 

.07 

•05 

•05 
.07 

.07 

.05 

•07 

•05 
.07 

.07 

.07 

.07 

.07 
.07 
.07 
.07 
.07 

.07 
.07 
.07 
.08 
.07 



D. 1". 



Tan. 



9.688 182 
.688 502 
.688 823 
.689 143 
.689463 

9.689 783 
.690 103 
.690423 
.690 742 
.691 062 

9.691 381 
.691 700 
.692 019 
.692 338 
.692 656 

9.692 975 

•693 293 
.693 612 

.693 930 

.694 248 

9.694 566 

.694 883 
.695 201 
.695 518 
.695 836 

9.696153 
.696 470 
.696 787 
.697 103 
.697 420 

9.697 736 
.698 053 
.698 369 
.698 685 
.699001 

9.699 316 
.699 632 
.699 947 
.700 263 
.700578 

9.700 893 
.701 208 

•70' 523 
.701 837 

.702 152 

9.702 466 
.702 781 

•703 095 
.703 409 

.703 722 

9.704036 

.704 350 
.704 663 

.704 976 

.705 290 

9.705 603 
.705 916 
.706 228 
.706 541 
.706 854 

9.707 166 
Cot. 



D. 1". 



5-33 
5.35 
5-33 
5-33 
5-33 

5-33 
5-33 
5-32 

5-33 
5.32 

5.32 
532 
5-32 

5.30 
5.32 

5.30 
532 
530 
5.30 
5.30 

5.28 

5.30 
5.28 

5-30 
5.28 

5.28 
5.28 

5.27 
5.28 

5-27 
5.28 

5-27 
527 
5-27 
5-25 

5.27 
5-25 
5^27 
525 
5^25 

5.25 
5.25 
5.23 
5.25 
5.23 

5.25 

5.23 

5^23 
5.22 

523 

5-23 
5.22 

5.22 

5^23 
5.22 

5.22 
5.2b 
5.22 
5.22 
5.20 

d7i^ 



Cot. 



0.31 1 818 


60 


.311498 


59 


•3" 177 


58 


.310857 


57 


.310537 


56 


0.310 217 


55 


.309 897 


54 


.309 577 


53 


.309 258 


52 


.308 938 


51 


0.308 619 


50 


.308 300 


49 


.307 981 


48 


.307 662 


47 


•307 344 


46 


0.307 025 


45 


.306 707 


44 


.306 388 


43 


.306 070 


42 


•305 752 


41 


0.305 434 


40 


.305117 


39 


.304 799 


38 


.304482 


37 


.304 164 


36 


0.303 847 


35 


.303 530 


34 


.303213 


33 


.302 897 


32 


.302 580 


31 


0.302 264 


30 


.301 947 


29 


.301 631 


28 


.301 315 


27 


.300 999 


26 


0.300 684 


25 


.300 368 


24 


.300053 


23 


.299 737 


22 


.299 422 


21 


0.299 107 


20 


.298 792 


19 


.298477 


18 


.298 163 


17 


.297 848 


16 


0.297 534 


15 


.297 219 


14 


.296 905 


13 


.296 591 


12 


.296 278 


II 


0.295 964 


10 


.295 650 


9 


.295 337 


8 


.295 024 


7 


.294 710 


6 


0.294 397 


5 


.294 084 


4 


.293 772 


3 


.293 459 


2 


.293 146 


X 


0.292 834 


b 



Tan. 



M. 
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M. 



o 
I 
2 

3 
4 

5 
6 

7 
8 

9 
10 
II 
12 

13 
14 

15 
16 

17 
18 

19 
20 
21 
22 

23 
24 

25 
26 

27 

28 

29 

30 
31 
32 
33 
34 

35 
36 

37 
38 
39 
40 

41 
42 

43 
44 

45 
46 

47 
48 

49 
50 
51 
52 
53 
54 

55 
56 

57 
58 

59 

60 



Sin. 



9.657047 

•657 295 
•657 542 
.657 790 

.658 037 

9.658 284 
.658 531 
.658 778 
.659 025 
.659 271 

9.659517 

.659 7^3 
.660009 

.660 255 

.660 501 

9.660 746 
.660991 
.661 236 
.661 481 
.661 726 

9.661 970 
.662 214 
.662 459 
.662 703 
.662 946 

9.663 190 
•663 433 
.663 677 
.663 920 
.664 163 

9.664 406 
.664 648 
.664 891 
.665 133 
•665 375 

9.665 617 
.665 859 
.666 100 
.666 342 
.666 583 

9.666 824 
.667 065 
.667 305 
.667 546 
.667 786 

9.668 027 
.668 267 
.668 506 
.668 746 
.668 986 

9.669 225 
.669 464 
.669 703 
.669 942 
.670 181 

9.670419 
.670 658 
.670 896 
.671 134 
.671 372 

9.671 609 



D. 1". 



Cos. 



4-13 
4.12 

4.13 

4.12 

4.12 

4.12 
4.12 
4.12 
4.10 
4.10 

4.10 
4.10 
4.10 
4.10 
4.08 

4.08 
4.08 
4.08 
4.08 
4.07 

4.07 
4.08 
4.07 

4.05 
4.07 

4.05 
4.07 

4.05 

4.05 

4.05 

403 

405 
403 
403 
403 

4.03 
4.02 

4-03 
4.02 

4.02 

4.02 
4.00 
4.02 
4.00 
4.02 

4.00 

398 
4.00 

4.00 
3.98 

3.98 
398 
398 
3.98 
3-97 
398 
3-97 
3-97 
3-97 
3-95 



Cos. 



I D. 1". 



D. 1". 



9.949 881 
.949816 

•949 752 
.949 688 
.949 623 

9-949 558 

•949 494 

•949 429 

•949 364 
.949 300 

9.949 235 
.949 1 70 

.949 105 

•949 040 
.948 975 
9.948 910 
•948 845 
.948 780 
.948 715 
.948 650 

9.948 584 
.948519 

•948 454 
.948 388 
.948 323 
9.948 257 
.948 192 
.948 126 
.948 060 

.947 995 

9.947 929 

.947 863 

•947 797 

•947 731 

•947 665 

9.947 600 

•947 533 
•947 467 
.947 401 

•947 335 

9.947 269 

.947 203 

.947 136 

.947 070 
.947 004 

9946 937 
.946 871 

.946 804 

.946 738 

.946671 

9.946 604 

•946 538 
.946471 
.946 404 
.946 337 
9.946 270 
.946 203 
.946136 
.946 069 
.946 002 

9.945 935 



1.08 
1.07 

1.07 
1.08 
1.08 

1.07 
1.08 
1.08 
1.07 
1.08 

1.08 
1.08 
1.08 
1.08 
1.08 

1.08 
1.08 
1.08 
1.08 
1. 10 

1.08 
1.08 
1. 10 
1.08 
1. 10 

1.08 
1. 10 
1. 10 
1.08 

l.IO 

1. 10 
1. 10 
1. 10 
1. 10 
1.08 

1. 12 
1. 10 
1. 10 
1. 10 

l.IO 

l.IO 
1. 12 
l.IO 
l.IO 
1. 12 

l.IO 
1. 12 
l.IO 
1. 12 
1. 12 

l.IO 
1. 12 
1. 12 
1. 12 
1. 12 

1. 12 
1. 12 
1. 12 
1. 12 
1. 12 



Tan. 



Sin. 



D 1". 

"62^ 



9. 



9. 



07 166 
07 478 

07 790 
08 102 
08414 

08 726 
09037 

09349 

09 660 

09971 

0282 

0593 
0904 

1 215 
1525 

1836 
2 146 
2456 

2 766 
3076 

3386 
3696 
4005 

4314 
4624 

4933 
5242 

5551 
5860 

6168 

6477 
6785 

7093 
7401 

7709 

8017 

8325 
8633 
8940 

9248 

9 555 
9862 

20 169 
20476 
20783 

21 089 
21 396 

21 702 
22009 
22315 

22 621 
22927 
23232 

23538 
23844 

24149 

24454 
24 760 

25065 
25370 
25674 



D. 1". 



Got. 



5.20 
5.20 
5.20 
5.20 
5.20 

5.18 
5.20 
5.18 
5.18 
5.18 

5.18 
5.18 
5.18 

5.17 
5.18 

5-17 
5-17 
5-17 
5.17 
5-17 

5-17 
515 
5-15 
517 
5.15 

5-15 
5.15 
5.15 
5-13 
5-15 



5- 
5- 
5- 
5" 
5- 

5- 
5- 



13 
13 
13 
13 
13 

•13 

13 
5.12 

5-13 
5.12 

5.12 
5.12 
5.12 
5.12 
5.10 

5.12 
5.10 
5.12 
5.10 
5.10 

5.10 
5.08 
5.10 
5.10 
5.08 

5.08 
5.10 
5.08 
5.08 
5.07 



Oot. 



D. 1". 



0.292 834 
.292 522 
.292 210 
.291 898 
.291 586 

0.291 274 

.290 963 
.290651 
.290 340 
.290 029 

0.289 718 
.289 407 
.289 096 
.288 785 
.288 475 

0.288 164 
.287 854 
.287 544 
.287 234 
.286 924 

0.286 614 
.286 304 
.285 995 
.285 686 
.285 376 

0.285 067 
.284 758 
.284 449 
.284 140 
.283 832 

0.283 523 
.283215 
.282 907 
.282 599 
.282 291 

0.281 983 
.281 675 
.281 367 
.281 060 
.280 752 

0.280 445 
.280 138 
.279 831 
.279 524 
.279217 

0.278 91 1 
.278 604 
.278 298 
.277991 
.277 685 

0.277 379 

•277073 
.276 768 

.276 462 

.276 156 

0.275 851 
•275 546 
.275 240 

.274 935 
.274 630 

0.274 326 



Tan. 



60 

59 
58 

57 
56 

55 
54 
53 
52 

51 

50 

49 
48 

47 
46 

45 
44 
43 
42 
41 
40 

39 
38 

37 
36 

35 
34 
33 
32 

31 

30 

29 
28 

27 

26 

25 
24 

23 
22 

21 

20 

19 
18 

17 
16 

15 
14 
13 
12 

II 
10 

9 
8 

7 
6 

5 

4 

3 

2 
I 

o 



M. 
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280 



M. 



o 

I 

2 

3 

4 

5 
6 

7 
8 

9 
to 
II 

12 

13- 
14 

i6 

17 
i8 

19 

20 
21 
22 

23 
24 

25 
26 

27 

28 

29 

30 

31 
32 

33 
34 

35 
36 

37 
38 

39 

40 

41 
42 

43 
44 

45 
46 

47 
48 

49 

50 

51 
52 

53 
54 

55 
56 

57 
58 

59 

60 



Sin. 



9.671 609 
.671 847 
.672 084 
.672 321 
.672 558 

9.672 795 
.673 032 
.673 268 

•673 505 
•673 74* 

9-673 977 
.674213 

.674 448 

.674 684 

.674 919 

9.675 155 
.675 390 

.675 624 

.675 859 

.676 094 

9.676 328 
.676 562 
.676 796 
.677 030 
.677 264 

9.677 498 

•677 731 
.677 964 

.678 197 

.678 430 

9.678 663 
.678 895 
.679 128 
.679 360 
.679 592 

9.679 824 
.680 056 
.680 288 
.680519 
.680 750 

9.680 982 
.681 213 
.681 443 
.681 674 
.68i 905 

9.682 135 
.682 365 
.682 595 
.682 825 
.683055 

9.683 284 
.683514 

.683 743 
.683 972 
.684 201 

9.684 430 
.684 658 
.684 887 
.685 115 
•685 343 

9-685 571 

O08. 



D. 1". 



3-97 
3-95 
3-95 
3-95 
3-95 

3-95 
3-93 
3-95 
3.93 
3.93 

3-93 
3-92 

3-93 
3-92 

3-93 
3-92 
3-90 
3-92 
3-92 
390 

3.90 
3-90 
390 
3-90 
3-90 
3.88 
3.88 
3.88 
3.88 
3.88 

3-87 
3.88 

3-87 
3-87 
387 

3-87 
3.87 
3.85 
3.85 
3-87 

3-85 
3-83 
3.85 
3.85 
3.83 

3.83 

3.83 

3.83 

3.83 
3.82 

3.83 
3.82 

3.82 

3.82 

3.82 

3.80 
3.82 
3.80 
3.80 
3-80 

D. 1". 



Cos. 



9-945 935 
.945 868 

.945 800 

-945 733 

-945 666 

9.945 598 

•945 531 
•945 464 
•945 396 
.945 328 

9.945 261 

-945 193 
•945 125 

•945 058 
.944990 

9.944 922 
.944 854 
.944 786 
.944718 
•944 650 

9.944 582 

.944 5 H 
.944446 

•944 377 

.944 309 

9.944 241 

•944 172 
.944 104 

-944 036 

•943 967 

9-943 899 
•943 830 
.943 761 

•943 693 
•943 624 

9.943 555 
•943 486 
•943417 
•943 348 
•943 279 

9.943 210 
.943 141 

•943 072 
•943 003 
-942 934 

9.942 864 

-942 795 
.942 726 
.942 656 

•942 587 

9.942517 

.942 448 

.942 378 
.942 308 

-942 239 

9.942 169 
.942 099 
.942 029 

.941 959 
.941 889 

9.941 819 



D. 1". 



1. 12 

I-I3 
1. 12 

1. 12 

^•i3 
1. 12 
1. 12 

M3 

I-I3 
1. 12 

1-13 

i^i3 

1. 12 

1. 13 
^•i3 

I-I3 
1. 13 
^•i3 
^•i3 
I-I3 

1-13 

I-I3 
1. 15 

^•i3 
1-13 
1.15 

I-I3 

I.I3 
1.15 

^•i3 
1.15 

1-15 

1-13 
1.15 

1. 15 

1.15 
1. 15 
1.15 
1.15 
1.15 

1. 15 

I-I5 
1. 15 

1.15 

1.17 

^•.I5 
1.15 

1. 17 

1. 15 

1. 17 

1. 15 
1.17 

1. 17 

1.15 

1.17 

1. 17 
1. 17 
1. 17 
1. 17 
1.17 

6P 



Tan. 



D. 1". 



9.725 674 
.725 979 
.726 284 
.726 588 
.726 892 

9-727 197 
.727 501 

.727 805 

.728 109 

.728412 

9.728 716 
.729 020 

.729 323 
.729 626 

.729 929 

9-730 233 
•730 535 
•730 838 
•731 141 
-731444 

9-731 746 
.732 048 

•732351 
•732 653 

•732 955 

9.733 257 
.733 558 
.733 860 

-734 162 
•734463 

9^734 764 
•735 066 

•735 367 
.735 668 

•735 969 
9.736 269 

-736 570 
.736 870 

•737 171 
-737471 

9-737 771 
.738071 

.738 371 
.738671 

-738971 

9.739 271 
•739 570 
•739 870 
.740 169 
.740 468 

9.740 767 
.741 066 

•741 365 
.741 664 

.741 962 
9.742 261 

.742 559 
.742 858 

.743 156 
•743 45^ 
9-743 752 
Got. 



5.08 
5.08 
5.07 
5.07 
5.08 

5.07 
5.07 
5.07 

5-05 
5.07 

5.07 

5^05 

5^05 
5.05 

5.07 

5^03 

5-05 
5.05 

5-05 
5-03 

5-03 
5-05 
5-03 
5-03 
5-03 
5.02 

5^03 

5-03 
5.02 

5.02 

503 
5.02 

5.02 

5.02 

5.00 

5.02 
5.00 
5.02 
5.00 
5.00 

5.00 
5.00 
5.00 
5.00 
5.00 

4-98 
5.00 

4.98 

4.98 

4.98 

4-98 
4.98 
4.98 

4-97 
4.98 

4^97 
4-98 

4-97 
4^97 
4.97 

D. 1". 



Cot. 



0.274 326 
.274021 
.273 716 
.273412 
.273 108 

0.272 803 

•272 499 
.272 195 
.271 891 
.271 588 

0.271 284 
.270 980 
.270 677 
.270 374 
.270071 

0.269 767 
.269 465 
.269 162 
.268 859 
.268 556 

0.268 254 
.267 952 
.267 649 

•267 347 
.267 045 

0.266 743 
.266 442 
.266 140 
.265 838 
.265 537 

0.265 236 
.264 934 
.264 633 
.264 332 
.264 031 

0.263 73* 
.263 430 
.263 130 
.262 829 
.262 529 

0.262 229 
.261 929 
.261 629 
.261 329 
.261 029 

0.260 729 
.260 430 
.260 130 
.259 831 

•259 532 

0-259 233 
.258 934 

.258 635 

.258 336 

.258 038 

0.257 739 
.257441 
.257 142 
.256 844 
.256 546 

0.256 248 
Tan. 



60 

59 
58 
57 
56 

55 
54 
53 
52 
51 
50 
49 
4.8 

47 
46 

45 

44 

43 
42 

41 
40 

39 
38 

37 
36 

35 
34 
33 
32 
31 
30 

29 
28 

27 

26 

25 
24 

23 
22 

21 
20 

19 
18 

17 
16 

15 

14 

13 
12 

II 
10 

9 
8 

7 
6 

5 
4 

3 

2 

I 



M. 
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o 

I 
2 

3 
4 

5 
6 

7 
8 

9 
10 
II 
12 

13 
14 

15 
16 

17 
18 

19 
20 
21 
22 

23 
24 

25 
26 

27 

28 

29 

30 

31 
32 

33 
34 

35 
36 

37 
38 

39 

40 

41 
42 

43 
44 

45 
46 

47 
48 

49 
50 
51 
52 
53 
54 

55 
56 

57 
58 

59 

60 



Sin. 



9.685 571 
.685 799 
.686 027 
.686 254 
.686 482 

9.686 709 
.686 936 
.687 163 
.687 389 
.687 616 

9.687 843 
.688 069 
.688 295 
.688 521 
.688 747 

9.688 972 
.689 198 
.689 423 
.689 648 
.689 873 

9.690 098 
.690323 
.690548 
.690772 
.690 996 

9.691 220 
.691444 
.691 668 
.691 892 
.692 115 

9.692 339 
.692 562 
.692 785 
.693008 
.693 231 

9.693 453 
.693 676 

.693 898 
.694 120 
.694 342 

9.694 564 
.694 786 
.695007 
.695 229 
.695 450 

9.695 671 
.695 892 
.696113 
.696 334 
.696 554 

9.696 775 
.696 995 
.697215 

•697 435 
.697 654 

9.697 874 
.698094 
.698313 
.698 532 
.698 751 

9.698 970 
Cos. 



D. 1". 



3.80 
3.80 

3-78 
3.80 

3.78 

3.78 
378 
3-77 
3.78 
3.78 

3-77 
3-77 
3.77 
3.77 
3-75 

3.77 
3.75 
3-75 
3.75 
3.75 

3-75 
3.75 
3.73 
3.73 
3.73 

3.73 
3.73 
3-73 
372 
3.73 
3-72 
3-72 
372 
3.72 
370 
3-72 
3.70 
370 
370 
3-70 

3.70 
3-68 

3.70 
3.68 

3.68 

.3.68 
3.68 
3.68 

3.67 
3.68 

367 
3-67 
3.67 
365 
367 

3-^7 
3.65 
3-65 
3.65 
3-65 

D. 1". 



Cos. 



9.941 819 
.941 749 
.941 679 
.941 609 

•941 539 
9.941 469 
.941 398 
.941 328 
.941 258 
.941 187 

9.941 117 
.941 046 

•940 975 
.940 905 
.940 834 

9.940 763 
.940 693 
.940 622 

.940551 
.940 480 

9.940 409 

.940 338 
.940 267 
.940 196 
.940 125 

9.940 054 

.939 982 
.939911 

•939 840 
•939 768 

9-939 697 
•939 625 
•939 554 
•939 482 
.939 410 

9-939 339 
.939 267 
.939 195 
•939 123 
.939 052 

9.938 980 

.938 908 

.938 836 

.938 763 
.938691 

9.938 619 
.938 547 
.938 475 
.938 402 

-938 330 

9.938 258 

.938 185 

.938113 
.938 040 

-937 967 

9-937 895 
.937 822 

.937 749 
-937 676 
-937 604 

9-937 531 

Sin. 



D. 1 



// 



•17 
•17 
•17 
•17 
•17 
.18 

.17 

•17 
.18 

•17 
.18 
.18 

•>7 
.18 

.18 

•17 
.18 

.18 

.18 

.18 

.18 
.18 
.18 
.18 
.18 

.20 
.18 
.18 
.20 
.18 

.20 
.18 
.20 
.20 
.18 

.20 
.20 
.20 
.18 
.20 

.20 
.20 
.22 
.20 
.20 

.20 
.20 
.22 
.20 
.20 

.22 
.20 
.22 
.22 
.20 

.22 
.22 
.22 
.20 
.22 



ff 



D. 1 



60^ 



Tan. 



743 752 
744050 

744348 

744645 

744 943 

745 240 
745 538 

745 835 

746 132 
746 429 

746 726 

747 023 

747 319 

747 616 

747913 
748209 

748 505 
748801 
749097 

749 393 
749 689 

749 985 

750 281 

750 576 

750 872 

751 167 
751462 

751 757 

752 052 

752 347 
752 642 

752 937 

753 231 
753 526 

753 820 

754 115 
754409 
754 703 

754 997 

755 291 

755 585 

755 878 

756 172 

756 465 

756 759 

757052 

757 345 

757 638 
757931 

758 224 

758517 
758810 

759 102 
759 395 
759 687 

759 979 
760272 

760564 

760856 

761 148 

761 439 
Got. 



D. 1". 



4-97 
4.97 
4.95 
4.97 
4-95 

4.97 
4-95 
4-95 
4-95 
4-95 

4-95 
4-93 
4-95 
4-95 
4-93 

4.93 
4.93 
4.93 
4-93 
4-93 

4-93 

4.93 
4.92 

4.93 
4.92 

4.92 
4.92 
4.92 
4.92 
4.92 

4.92 
4.90 
4.92 
4.90 
4.92 

4.90 
4.90 
4.90 

4.90 
4.90 

4.88 
4.90 
4.88 
4.90 
4.88 

4.88 
4.88 
4.88 
4.88 
4.88 

4.88 

4-87 
4.88 

4-87 

4-87 

4.88 

4.87 
4.87 
4.87 
4.85 

D. 1". 



Got. 



0.256 248 

.255 950 
.255 652 

•255 355 
•255 057 
0.254 760 
.254 462 
.254 165 
.253 868 

.253571 
0.253 274 
.252977 
.252 681 
.252 384 
.252 0*87 

0.251 791 

.251495 
.251 199 

.250 903 

.250 607 

0.250 31 1 
.250015 
.249719 
.249 424 
.249 128 

0.248 833 
.248 538 
.248 243 
.247 948 

.247 653 
0.247 358 
.247 063 
.246 769 
.246 474 
.246 180 

0.245 885 

•245 591 
.245 297 

.245 003 

.244709 

0.244415 
.244 122 
.243 828 

.243 535 
.243 241 

0.242 948 
.242 655 
.242 362 
.242 069 
.241 776 

0.241 483 
.241 190 
.240 898 
.240 605 
.240313 

0.240021 
.239 728 

.239 436 
.239 144 

.238 852 
0.238 561 

Tan. 



60 

59 
58 
57 
56 

55 
54 
53 
52 
51 
50 

49 
48 

47 
46 

45 
44 
43 
42 

41 
40 

39 
38 
37 
36 

35 
34 
33 
32 

31 

30 
29 
28 
27 
26 

25 
24 

23 
22 
21 

20 

19 
18 

17 
16 

15 

14 

13 
12 

II 

10 

9 
8 

7 
6 

5 

4 

3 

2 
I 
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3(P 



Sin. 



o 9. 


698 970 


I 


699 189 


2 


.699 407 


3 


699626 


4 


699844 


5 9^ 


700062 


6 


700280 


7 


700 498 


8 


700 716 


9 


700933 


10 9' 


701 151 


II 


701 368 


12 


701 585 


13 


701 802 


14 


702019 


15 9- 


702 236 


16 


702 452 


17 


702 669 


18 


702 885 


19 


703 lOI 


20 9. 


703317 


21 


703 533 


22 


703 749 


23 


703 964 


24 


704 1 79 


25 9. 


704 395 


26 


704 610 


27 


704825 


28 


705 040 


29 


705 254 


30 9- 


705469 


31 


705 683 


32 


.705 898 


33 


.706 112 


34 


.706 326 


35 9 


.706 539 


36 


•706 753 


37 


.706 967 


38 


707 180 


39 


.707 393 


40 9 


.707606 


41 


.707 819 


4a 


.708 032 


43 


.708 245 


44 


.708 458 


45 9 


.708 670 


46 


708 882 


47 


.709094 


48 


.709 306 


49 


709518 


50 9 


709730 


51 


709941 


52 


710 153 


53 


710364 


54 


710575 


55 9 


710 786 


56 


710997 


57 


711 208 


58 


711419 


59 


711 629 


60 9. 


7^839 



008. 



D.I 



// 



3-65 
3-63 
365 
3-^3 
3-63 

363 

363 

363 
3.62 

3.63 
3.62 
3.62 
3.62 
3.62 
3.62 

3.60 
3.62 
3.60 
3.60 
360 

3.60 
3.60 

3.58 
3.58 
3.60 

3.58 
3.58 
3.58 
3.57 
3.58 

3.57 
3.58 

3.57 
3-57 
3-55 

3-57 
3-57 
3.55 
3.55 
3-55 

3.55 
3.55 
3-55 
3.55 
3.53 

3-53 
3-53 
3.53 
3-53 
3-53 
352 

3.53 
352 
352 
3.52 

352 
3-52 
3.52 
3-50 
3.50 

D. 1". 



Cos. 



9-937 531 

•937 458 

•937 385 
.937312 

.937 238 
9-937 165 
•937 092 
.937019 
.936 946 
.936 872 

9-936 799 

•936 725 
.936652 

•936 578 
.936 505 

9.936431 
•936 357 
.936 284 
.936 210 
.936 136 

9.936 062 
•935 988 
•935 914 
•935 840 
-935 766 

9.935 692 
.935 618 

•935 543 
.935 469 
•935 395 
9-935 320 
•935 246 
.935 171 

•935 097 
.935 022 

9.934 948 

•934 873 
-934 798 
-934 723 
'934 649 

9^934 574 
•934 499 
•934 424 
•934 349 
•934 274 

9.934 199 
.934 123 
.934 048 

•933 973 

.933 898 

9.933 822 

•933 747 
•933 671 
•933 596 
•933 520 

9-933 445 
.933 369 
-933 293 
.933217 
•933 141 

9.933 066 



D. 1 



rf 



.22 
.22 
.22 

.23 
.22 

.22 
.22 
.22 

•23 
.22 

•23 
.22 

•23 
.22 

•23 

•23 
.22 

•23 
•23 
-23 

.23 
-23 
•23 
.23 
•23 

•23 
•25 
•23 
-23 
•25 

.23 
•25 
-23 
•25 
•23 

•25 
•25 
-25 
•23 
•25 

•25 
.25 
•25 
•25 
•25 

-27 
•25 
•25 
•25 
•27 

•25 
-27 
-25 
.27 
•25 

-27 
•27 
•27 
-27 
•25 



D. 1". 



Tan. 



9761 439 
.761 731 

.762 023 

.762 314 

.762606 

9.762 897 
.763 188 

-763479 
.763 770 

.764061 

9-764 352 

-764 643 

.764 933 
.765 224 

•765 5 '4 
9.765 805 
.766 095 
.766 385 
.766 675 
.766 965 

9.767 255 

•767 545 
.767 834 

.768 124 

.768414 

9.768 703 
.768 992 
.769 281 
.769571 
.769860 

9-770 148 

•770437 
.770 726 

.771015 

•771 303 

9.771 592 

.771880 

.772 168 

•772 457 
•772 745 

9-773 033 
•773 321 
•773 608 
•773 896 
.774 184 

9.774471 

•774 759 

•775 046 

•775 333 
.775 621 

9.775 908 
.776 195 
.776 482 
.776 768 

•777 055 

9-777 342 
.777 628 

•777915 
.778 201 

.778 488 
9^778 774 
Got. 



D. 1 



ft 



4.87 
4.87 
4.85 
4.87 

4.85 

4-85 
4.85 

4.85 

4.85 
4.85 

4.85 

4^83 
4.85 

4.83 
4-85 

4.83 
4.83 
4.83 
4.83 
4^83 

4^83 
4.82 

4-83 

4^83 
4.82 

4.82 
4.82 

4^83 
4.82 

4.80 

4.82 
4.82 
4.82 
4.80 
4.82 

4.80 
4.80 
4.82 
4.80 
4.80 

4.80 

4.78 
4.80 
4.80 
4.78 
4.80 
4.78 
4.78 
4.80 

4.78 

4.78 
4.78 

4.77 
4-78 
4.78 

4.77 
4-78 

4^77 
4.78 

4-77 
D. 1". 



Got. 



0.238 561 


60 


.238 269 


59 


•237 977 


58 


.237 686 


57 


•237 394 


56 


0.237 103 


55 


.236812 


54 


.236 521 


53 


.236 230 


52 


•235 939 


51 


0.235 648 


50 


•235 357 


49 


•235 067 


48 


.234 776 


47 


.234 486 


46 


0.234 195 


45 


•233905 


44 


•233615 


43 


•233 325 


42 


•233 035 


41 


0.232 745 


40 


•232 455 


39 


.232 166 


38 


.231 876 


37 


.231 586 


36 


0.231 297 


35 


.231 008 


34 


•230 719 


33 


.230429 


32 


.230 140 


31 


0.229 852 


30 


•229 563 


29 


.229 274 


28 


.228 985 


27 


.228 697 


26 


0.228 408 


25 


.228 120 


24 


.227 832 


23 


.227 543 


22 


.227 255 


21 


0.226 967 


20 


.226 679 


19 


.226 392 


18 


.226 104 


17 


.225816 


16 


0.225 529 


15 


.225 241 


14 


.224 954 


13 


.224 667 


12 


•224 379 


II 


0.224092 


10 


.223 805 


9 


.223518 


8 


.223 232 


7 


.222 945 


6 


0.222 658 


5 


.222 372 


4 


.222 085 


3 


.221 799 


2 


.221 512 


I 


0.221 226 





Tan. 


M. 
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3P 



M. 



Sin. 






9 


7" 839 


I 




712050 


2 




712 260 


3 




712469 


4 




712679 


5 


9- 


712889 


6 




713098 


7 




7«3 3o8 


8 




7>35i7 


9 




713726 


10 


9- 


713935 


II 




714 144 


12 




714352 


13 




714 561 


14 




714 769 


15 


9- 


714978 


i6 




715 186 


17 




715 394 


i8 




715 602 


19 




715809 


20 


9 


716 017 


21 




716224 


22 




716432 


23 




716639 


24 




716846 


25 


9 


717053 


26 




717259 


27 




717466 


28 




717673 


29 




717879 


30 


9. 


718085 


31 




718 291 


32 




718497 


33 




.718 703 


34 




.718909 


35 


9 


.719114 


36 




.719320 


37 




•719525 


38 




719730 


39 




•7'9 935 


40 


9 


.720 140 


41 




720 345 


42 




.720 549 


43 




.720 754 


44 




.720 958 


45 


9 


.721 162 


46 




.721 366 


47 




.721 570 


48 




.721 774 


49 




.721 978 


50 


9 


.722 181 


51 




.722 385 


52 




.722 588 


53 




.722 791 


54 




.722 994 


55 


9 


•723 197 


56 




.723 400 


57 




.723 603 


58 




.723 805 


59 




.724007 


60 


9 


.724 210 



Gosi 



D. 1". 



3-52 
3-30 
3.48 
3-50 
350 
3.48 

3.50 
348 
3.48 
3.48 

3.48 

3-47 
3.48 

3-47 
3.48 

3-47 
3-47 
347 
345 
347 

345 
347 
345 
345 
345 

343 
345 
345 
343 
343 

343 
343 
343 
343 
342 

343 
342 
342 
342 
342 

342 
340 
342 
340 
340 

340 
340 
340 
340 
3.38 

340 
3.38 
3.38 
3.38 
3.38 

3.38 
3.38 
3-37 
3-37 
3.38 

D. 1". 



O08. 



9.933 066 
.932 990 
.932 914 
.932 838 
.932 762 

9.932 685 
.932609 
•932 533 
•932 457 
.932 380 

9.932 304 
.932 228 

•932 151 
.932 075 

.931 998 

9.931 921 
.931 845 
.931 768 
.931 691 
.931 614 

9931 537 
.931 460 

•93 < 383 
.931 306 

.931 229 

9-93' 152 

•93 > 075 
.930 998 

.930921 

.930 843 

9.930 766 

.930 688 

.930 61 1 

•930 533 
.930 456 

9930 378 
.930 300 

.930 223 

•930 145 
.930067 

9.929 989 
.929911 

.929 833 

•929 755 
.929 677 

9.929 599 
.929 521 
.929 442 
.929 364 
.929 286 

9.929 207 
.929 129 
.929 050 
.928 972 
.928 893 

9.928815 
.928 736 
.928 657 
.928 578 
.928 499 

9.928 420 



D. 1". 



•27 

.27 

•27 

•27 
.28 

•27 
.27 

•27 

.28 

•27 

.27 
.28 

•27 
.28 

.28 

.27 
.28 
.28 
.28 
.28 

.28 
.28 
.28 
.28 
.28 

.28 
.28 
.28 

•30 
.28 

•30 
.28 

•30 
.28 

•30 

•30 
.28 

•30 
.30 
.30 

•30 
.30 
•30 
•30 
.30 

•30 
.32 

.30 
•30 
.32 

•30 
.32 
.30 
•32 
•30 

•32 
.32 
.32 
•32 
•32 



D. 1". 

68^ 



Tan. 



9778 774 
.779 060 

.779 346 
.779632 
.779918 

9.780 203 
.780489 
.780 775 
.781 060 
.781 346 

9.781 631 
.781 916 
.782 201 
.782 486 
.782 771 

9.783 056 

.783341 
.783 626 
.783910 

.784 195 

9.784 479 
.784 764 
.785 048 

.785 332 
.785616 

9.785 900 
.786 184 
.786 468 
.786 752 
.787 036 

9.787 319 
.787 603 

.787 886 
.788170 
•788 453 

9.788 736 

.789019 

.789 302 

.789 585 
.789 868 

9.790 151 

.790 434 
.790716 

.790 999 

.791 281 

9 791 563 
.791 846 

.792 128 

.792410 

.792 692 

9.792 974 

.793 256 

•793 538 

.793819 
.794 lOI 

9.794 383 
•794 664 
.794 946 
.795 227 
•795 508 

9-795 789 
Got. 



D. 1". 



4.77 
4.77 
4.77 
4.77 
4.75 

4.77 
4.77 
4.75 
4.77 
4.75 

475 
4.75 
475 
4.75 
4.75 

4.75 
4.75 
473 
4.75 
473 

475 
4.73 
4.73 
4-73 
4.73 

4-73 
473 
473 
4.73 
472 

4.73 
4.72 

473 
4.72 

4.72 

4.72 
4.72 
4.72 
4.72 
4.72 

4.72 
4.70 

4.72 
4.70 

4.70 

472 
4.70 

4.70 

4.70 

4.70 

4.70 
4.70 
4.68 
4.70 
4.70 

4.68 
4.70 
4.68 
4.68 
4.68 

D. 1". 



Got. 



0.221 226 
.220 940 
.220 654 
.220 368 
.220 082 

219 797 
219511 
219 225 
218940 
218 654 

218369 
218084 

217799 

217 5H 
217229 

216944 
216659 
216 374 
216090 
215 805 

215 521 
215 236 
214952 
214668 
214384 

214 100 
213 816 

213532 
213248 
212964 

212 681 
212397 
212 114 
211 830 

211547 
211 264 
210981 
210698 
210415 
210 132 

209 849 
209566 
209 284 
209001 
208 719 

208437 
208 154 
207872 
207 590 
207 308 

207026 
206 744 
206 462 
206 181 
205899 

205 617 
205 336 
205 054 
204 773 
204 492 

204 21 1 
Tan. 



60 

59 
58 

57 
56 

55 
54 
53 
52 
51 
50 

49 
48 

47 
46 

45 
44 
43 
42 

41 
40 

39 
38 

37 
36 

35 
34 
33 
32 
31 
30 

29 
28 

27 
26 

25 

24 

23 
22 

21 

20 

19 
18 

17 
16 

15 

14 

13 
12 

II 

10 

9 
8 

7 
6 

5 

4 

3 

a 

I 
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32° 



O 
I 

2 

3 

4 

5 
6 

7 
8 

9 

10 

II 

12 

13 
14 

15 
i6 

17 
i8 

19 

20 
21 
22 

23 
24 

25 

26 

27 
28 
29 

30 
31 
32 
33 
34 

35 
36 

37 
38 

39 

40 

41 
42 
43 
44 

45 
46 

47 
48 

49 
50 
51 
52 

53 
54 

55 
56 
57 
58 

59 
60 



Sin. 



9.724 210 
.724412 
.724 614 
.724816 
.725017 

9.725 219 
.725 420 
.725 622 

•725 823 
.726 024 

9.726 225 
.726 426 
.726 626 
.726 827 
.727027 

9.727 228 
.727 428 
.727 628 
.727 828 
.728027 

9.728 227 
.728 427 
.728 626 
.728825 
.729024 

9.729 223 
. .729422 

.729 621 
.729 820 
.730018 

9.730 2l\ 

•730415 
.730613 

.730811 

.731 009 

9.731 206 
.731 404 
.731 602 

•731 799 
.731 996 

9732 193 
•732 390 

•732 587 
.732 784 
.732 980 

9.733 177 
.733 373 
.733 569 
.733 765 
•733 961 

9.734157 
.734 353 
.734 549 
.734 744 
.734 939 

9-735 135 
.735 330 
.735 525 
•735 719 
•735 914 

9.736 109 
Cos. 



D. 1". 



3.37 
3-37 
3.37 
3-35 
3.37 

3.35 
3.37 
3-35 
3-35 
3-35 

3.35 
3-33 
3-35 
3.33 
3-35 

3-33 
3-33 
3.33 
332 
3-33 

3.33 
332 
332 
3.32 
332 

3.32 
332 
332 
330 
3.32 

3.30 
330 
3.30 
3.30 
3.28 

330 
3.30 
3.28 
3.28 
3.28 

3.28 
3.28 
3.28 

3.27 
328 

3.27 
3-27 
3.27 
327 
3.27 



3 
3 
3 
3 
3 

3 



27 
27 
25 

25 
27 

25 
325 
323 
325 
3.25 



Oos. 



D. 1 



tt 



9.928 420 
.928 342 
.928 263 
.928 183 
.928 104 

9.928 025 
.927 946 
.927 867 
.927 787 
.927 708 

9.927 629 

•927 549 
.927 470 

.927 390 

.927 310 

9.927 231 
.927 151 
.927 071 
.926 991 
.926911 

9.926 831 
.926 751 
.926671 
.926591 
.926511 

9.926431 
.926 35 1 
.926 270 
.926 190 
.926 no 

9.926 029 

•925 949 
.925 868 

.925 788 

.925 707 

9.925 626 

.925 545 
.925 465 
925 384 
.925 303 
9.925 222 
.925 141 
.925 060 
.924 979 

.924 897 
9.924816 

.924 735 
.924 654 
.924 572 
.924 491 

9.924 409 

•924 328 
.924 246 
.924 164 
.924 083 

9.924 001 
.923 919 

•923 837 
•923 755 
.923 673 

9.923 591 

Sin. 



D. 1 



fi 



30 
32 
33 
32 
32 

32 
32 

32 
32 

ZZ 
32 

ZZ 
ZZ 
32 

ZZ 
ZZ 
ZZ 
ZZ 
ZZ 

ZZ 
ZZ 
ZZ 
ZZ 
ZZ 

ZZ 
35 
33 
ZZ 
35 

33 
35 
33 
35 
35 

35 
ZZ 
35 
35 
35 

35 
35 
35 
37 
35 

35 
35 
37 
35 
37 

35 
37 
37 
35 
37 

37 
37 
37 
37 
37 



D. 1". 
"570 



Tan. 



9-795 789 
.796 070 

.796351 
.796 632 

.796913 

9-797 194 
.797474 

•797 755 
.798 036 

.798316 

9-798 596 

.798 877 

.799 157 

•799 437 
.799717 

9.799 997 
.800277 

.800557 

.800836 

.801 116 

9.801 396 
.801 675 
.801 955 
.802 234 
.802513 

9.802 792 
.803 072 
.803351 
.803 630 
.803 909 

9.804 187 
.804 466 
.804 745 
.805 023 
.805 302 

9.805 580 
.805 859 
.806 137 
.806415 
.806 693 

9.806971 
.807 249 
.807 527 
.807 805 
.808 083 

9.808 361 
.808 638 
.808916 
.809193 
.809471 

9.809 748 
.810025 
.810 302 
.810580 
.810857 

9.81 1 134 
.811 410 
.811687 
.811 964 
.812 241 

9-812 517 
Oot. 



D. 1". 



4.68 
4.68 
4.68 
4.68 
4.68 

4.67 
4.68 
4.68 
4.67 

4.67 
4.68 
4.67 
4.67 

4-67 
4-67 
4.67 

4.67 
4-65 
4.67 

4.67 
4.65 
4.67 

4.65 
465 

4.65 
4.67 
465 
4.65 

4.65 
4.63 

4.65 
4.65 

463 
4.65 

463 

4.65 

4.63 
4.63 
4-63 
4.63 

4-63 
4.63 
4.63 
4-63 
4^63 
4.62 

463 
4.62 

463 
4.62 

4.62 
4.62 

463 
4.62 

4.62 

4.60 
4.62 
4.62 
4.62 
4.60 



D. 1 



// 



Got. 



0.204 211 


60 




.203 930 


59 




.203 649 


58 




.203 368 


57 




.203 087 


56 





.202 806 


55 




,202 526 


54 




.202 245 


53 




.201 964 


52 




.201 684 


51 





201 404 


50 




201 123 


49 




200843 


48 




200563 


47 




200283 


46 


0. 


200003 


45 




■199 723 


44 




199443 


43 




.199 164 


42 




198 884 


41 





198604 


40 




198 325 


39 




,198045 


38 




.197 766 


37 




.197487 


36 





.197 208 


35 




.196928 


34 




.196649 


33 




.196370 


32 




.196091 


31 





■195 813 


30 




•195 534 


29 




195 255 


28 




194977 


27 




194698 


26 





,194420 


25 




194 141 


24 




193 863 


23 




193 585 


22 




■193307 


21 


0. 


193029 


20 




192 751 


19 




,192473 


18 




192 195 


17 




191 917 


16 





191 639 


15 




,191 362 


14 




191 084 


13 




.190807 


12 




.190529 


II 





.190252 


10 




,189 975 


9 




,189698 


8 




189420 


7 




,189 143 


6 





.188866 


5 




.188590 


4 




.188313 


3 




.188036 


2 




.187759 


I 





.187483 






Tan. 



LOGARITHMIC SINES, COSINES, TANGENTS, AND COTANGENTS. 51 

33° 



M. 


Sin. 


o 9 


736109 


I 


736 303 


2 


736 498 


3 


736692 


4 


736 886 


5 9 


737080 


6 


737 274 


7 


737 467 


8 


737 661 


9 


737 855 


lo 9. 


738 048 


II 


738 241 


12 


738434 


13 


738 627 


14 


738820 


15 9. 


739013 


16 


739206 


17 


739 398 


18 


739590 


19 


739 783 


20 9 


739 975 


21 


740 167 


22 


.740 359 


23 


740 550 


24 


.740 742 


25 9 


.740 934 


26 


.741 125 


27 


.741 316 


28 


.741 508 


29 


.741 699 


30 9 


.741 889 


31 


.742 080 


32 


.742271 


33 


.742 462 


34 


.742 652 


35 9 


.742 842 


36 


.743 033 


37 


-743 223 


38 


•743413 


39 


.743 602 


40 9 


•743 792 


41 


.743 982 


42 


.744171 


43 


.744 361 


44 


•744 550 


45 9 


744 739 


46 


.744 928 


47 


.745117 


48 


•745 306 


49 


.745 494 


50 9 


•745 683 


51 


•745 871 


52 


.746 060 


53 


.746 248 


54 


.746 436 


55 9 


.746 624 


56 


.746812 


57 


.746 999 


58 


■747 187 


59 


•747 374 


60 9 


•747 562 




O08. 



D. 1". 



3.23 
3.25 
3-23 
3-23 
3.23 

323 
3.22 

323 

3-22 

3-22 
3.22 
3.22 
3.22 
3.22 

3.22 
3.20 
3.20 
3.22 
3.20 

3.20 
3.20 

3.18 
3.20 
3.20 



3- 
3- 



3.20 

3- 
3-^ 



3- 
3- 
3- 
3. 
3- 

3. 
3- 
3- 
3- 
3- 

3- 
3- 
3- 
3- 
3- 

3- 
3- 
3- 
3- 
3. 

3. 
3. 
3- 
3- 
3- 

3- 
3. 
3. 
3. 
3- 



8 

7 
8 
8 
8 

7 
7 
8 

7 
7 
5 
7 

7 
5 
7 
5 
5 

5 
5 
5 
3 
5 

3 
5 
3 
3 
3 

3 
2 

3 

2 

3 



D. 1". 



Cos. 



9923 591 

.923 509 
.923 427 

.923 345 
.923 263 

9.923 181 
.923 098 
.923016 

.922 933 
.922851 

9.922 768 
.922 686 
.922 603 
.922 520 
.922 438 

9.922 355 
.922 272 
.922 189 
.922 106 
.922 023 

9.921 940 
.921 857 
.921 774 
.921 691 
.921 607 

9.921 524 
.921 441 

.921 357 
.921 274 

.921 190 

9.921 107 
.921 023 
.920 939 
.920 856 
.920 772 

9.920 688 
.920 604 
.920 520 
.920 436 
.920 352 

9.920 268 
.920 184 
.920 099 
.920015 
.919931 

9.919 846 
.919 762 
.919 677 

•919 593 
.919 508 

9.919 424 

.9>9 339 
.919 254 

.919 169 

.919085 

9.919000 
.918915 
.918830 
.918745 
.918659 

9.918 574 



D. 1". 



Sin. 



•37 
37 
•37 
.37 
•37 

.38 

•37 
.38 

•37 
.38 

.37 
.38 
.38 
•37 
•38 

.38 
.38 
.38 
•38 
.38 

.38 

.38 

.38 
.40 

•38 
•38 

.40 

.38 

.40 

•38 

.40 
.40 

•38 

.40 
.40 

.40 
.40 
.40 
.40 
.40 

.40 
.42 
.40 
.40 
.42 

.40 
.42 
.40 
.42 
.40 

.42 
.42 
.42 
.40 
.42 

.42 
.42 
.42 

.43 
.42 



Tan. 



9.812 517 
.812794 
.813070 

.813347 
.813623 

9.813899 
.814 176 
.814452 
.814 728 
.815004 

9.815 280 

•815 555 
.815831 
.816 107 
.816382 

9.816658 
•816933 
.817 209 
.817484 
.817759 

9.818035 
.818310 

.818585 
.818860 

.819 135 

9.819 410 
.819 684 
.819959 
.820 234 
.820 508 

9.820 783 
.821 057 
.821 332 
.821 606 
.821 880 

9.822 154 
.822 429 
.822 703 
.822 977 
.823251 

9.823 524 
.823 798 
.824 072 
.824 345 
.824 619 

9.824 893 
.825 166 
.825 439 
•825 713 
.825 986 

9.826 259 
.826 532 
.826 805 
.827 078 

•827351 

9.827 624 
.827 897 
.828 170 
.828 442 
.828715 

9.828 987 



D. 1". 



D. 1^ 

"560 



Got. 



4.62 
4.60 
4.62 
4.60 
4.60 

4.62 
4.60 
4.60 
4.60 
4.60 

4.58 
4.60 
4.60 
4.58 
4.60 

458 
4.60 

4.58 

4.58 

4.60 

4.58 

4.58 
4.58 
4.58 
4.58 

4.57 
4.58 

4.58 

4.57 
4.58 

4.57 
4.58 

4.57 

4.57 

4-57 

4.58 

4.57 

4-57 

4.57 

4.55 

4.57 
4-57 
4.55 
4.57 
4.57 

4.55 
4-55 
4-57 
4.55 
4.55 

4.55 
4-55 
4.55 
4.55 
4-55 

4-55 
4-55 
4.53 
4.55 
4.53 



D. 1". 



Got. 






187483 


60 




.187 206 


59 




.186930 


58 




.186653 


57 




.186377 


56 





.186 lOI 


55 




.185 824 


54 




.185 548 


53 




.185 272 


52 




.184996 


51 





184 720 


50 




.184445 


49 




.184 169 


48 




183893 


47 




.183618 


46 





.183342 


45 




.183067 


44 




182 791 


43 




.182516 


42 




182 241 


41 





.181 965 


40 




181 690 


39 




.181415 


38 




181 140 


37 




180865 


36 





180590 


35 




180 316 


34 




180 041 


33 




.179 766 


32 




179492 


31 


0, 


179 217 


30 




178943 


29 




178668 


28 




1 78 394 


27 




178 120 


26 


0. 


177846 


25 




.177571 


24 




177297 


23 




177023 


22 




176749 


21 


0, 


176476 


20 




1 76 202 


19 




175928 


18 




175655 


17 




175 381 


16 


0. 


175 107 


15 




174834 


M 




174 561 


13 




174287 


12 




174 014 


II 


0. 


173 741 


10 




173468 


9 




173 195 


8 




172922 


7 




172649 


6 


0. 


172376 


5 




172 103 


4 




171 830 


3 




171 558 


2 




171 285 


I 


0. 


171 013 






Tan. 



M. 



52 LOGARITHMIC SINES, COSINES, TANGENTS, AND COTANGENTS. 

34° 



M. 


Sin. 


9 


747 562 


I 


.747 749 


2 


747 936 


3 


.748123 


4 


748 310 


5 9 


748 497 


6 


.748 683 


7 


748 870 


8 


749 056 


9 


749 243 


lo 9. 


749 429 


II 


749 615 


12 


749801 


13 


749 ^87 


14 


750172 


15 9- 


750 358 


16 


750 543 


17 


750 729 


18 


750914 


19 


.751 099 


20 9. 


751 284 


21 


751469 


22 


-751 654 


23 


751 839 


24 


752023 


25 9 


752 208 


26 


.752 392 


27 


752 576 


28 


.752 760 


29 


.752 944 


30 9 


•753128 


31 


753312 


32 


•753 495 


33 


.753 679 


34 


•753 862 


35 9 


754 046 


36 


•754 229 


37 


754412 


38 


•754 595 


39 


•754 778 


40 9 


754960 


41 . 


755 143 


42 


•755 326 


43 


755 508 


44 


•755 690 


45 9 


•755 872 


46 


.756054 


47 


.756 236 


48 


.756418 


49 ^ 


.756600 


50 9 


.756 782 


51 


756 963 


52 


•757 144 


53 


•757 326 


54 


•757 507 


55 9 


.757688 


56 


757869 


57 


.758 050 


58 


.758 230 


59 


758 41 1 


60 9 


•758591 




.Cos. 



D. 1". 



3.12 
3.12 
3.12 
3.12 
3.12 

3.10 
3.12 
3.10 
3.12 
3.10 

3.10 
3.10 
3.10 
3.08 
3.10 

3.08 
3.10 
3.08 
3.08 
3.08 

3.08 
3.08 
3.08 

3.08 

307 

307' 

307 

307 

3.07 

307 
305 
3-07 
3.05 
3-07 

3-05 
3-05 
305 
3-05 
303 

305 
305 
303 
303 
3-03 

3-03 
303 
303 
303 
303 
3.02 
3.02 

303 
3.02 

3.02 

3.02 
3.02 
3.00 
3.02 
3.00 

D. 1". 



Cos. 



9.9 

•9 
.9 
•9 
.9 
9.9 

.9 
.9 
•9 
•9 
9.9 

.9 
•9 
•9 
•9 

9-9 
•9 
•9 
.9 
.9 

9.9 

•9 
.9 
•9 
.9 
9.9 

•9 
•9 
•9 
•9 

9-9 
.9 
•9 
•9 
.9 

9-9 
•9 
.9 
•9 
.9 

9.9 
•9 
.9 
•9 
•9 

9-9 
.9 
.9 
.9 
.9 

9.9 

•9 
.9 
•9 
•9 

9.9 
•9 
•9 
.9 
.9 

9.9 



18574 




18489 


M • 


18404 


X • 


I83I8 


M • 


18233 


1 • 


18 147 




18062 


* • 


17976 


•* • 


17 891 


X • 


17805 


A • 


17 719 




17634 


1 • 


17548 


X • 


17462 


X m 


17376 


X m4 


17290 




17204 




I7II8 


X • 


17032 


X • 


16946 


X « 


16859 




16773 




16687 


X • 


16600 


X m 


I65I4 


X m 


16427 




16 341 




16254 


X • 


16 167 


X • 


16 081 


X • 


15994 




15907 




15820 


X m 


15733 


X • 


15646 


X • 


15559 




15472 




15385 


X • 


15297 




15 210 




15 123 




15035 




14948 


X • 


14860 


X • 


H773 


X • 


14685 




14598 


X • 


14 510 




14422 




14334 




14246 




14 158 


1 ti 


14070 




13982 


X •* 


13894 


X • 


13806 




13 718 


J. • 


13630 


X • 


13 541 




13453 




13365 





Sin. 



D.l 



// 



.42 

.42 

•43 
.42 

•43 
.42 

•43 
.42 

•43 
•43 
.42 

.43 
•43 
•43 

.43 

•43 
•43 
•43 
•43 
•45 

•43 
•43 
•45 
•43 
•45 

•43 
•45 
•45 

•43 
•45 

•45 
•45 
•45 
•45 
•45 

•45 

•45 
•47 
•45 
•45 

•47 
•45 
•47 
•45 
•47 

•45 
•47 
•47 
•47 
•47 

•47 
•47 
•47 
•47 
•47 

•47 

•47 
.48 

•47 
•47 



D. 1". 
"550 



Tan. 



9.828 987 
.829 260 
.829 532 
.829 805 
.830 077 

9.830 349 
.830621 

.830 893 
.831 165 

.831 437 

9.831 709 
.831 981 
.832 253 
.832 525 
.832 796 

9.833 068 

•833 339 
.833611 

.833 882 
.834154 

9.834 425 
.834 696 

.834 967 
.835 238 
•835 509 

9.835 780 
.836051 
.836 322 

•836 593 
.836 864 

9-837 134 
•837 405 
•837 675 
.837 946 
.838216 

9.838 487 

.838 757 
.839 027 

•839 297 
.839 568 

9.839 838 
.840 108 
.840 378 
.840 648 
.840917 

9.841 187 

.841 457 
.841 727 
.841 996 
.842 266 

9^842 535 
.842 805 

.843 074 

•843 343 
.843612 

9.843 882 
.844 151 
. 844^^420 
.844 689 
.844 958 

9.845227 

Cot. 



D. 1". 



4.55 
4.53 
4^55 
4^53 
4^53 

4^53 
4-53 
4-53 
4.53 
4.53 

4^53 
4-53 
4.53 
4-52 
4-53 
4.52 
453 
452 
4^53 
4^52 
4.52 

4.52 
452 
4.52 
4.52 

4.52 
4.52 
4.52 
4^52 
4.50 

452 
4^50 
452 
4^50 
4.52 

4.50 
4.50 
4^50 
4.52 
4.50 

4^50 
4^50 
4^50 
4.48 
4.50 

4.50 
450 
4.48 

4.50 
4.48 

4-50 
4.48 

4.48 
4.48 

4^50 
4.48 
4.48 
4.48 
4.48 
4.48 

D. 1". 



Got. 




0.171 013 


60 




.170740 


59 




.170468 


58 




.170 195 


57 




169923 


56 


0, 


.169651 


55 




.169 379 


54 




.169 107 


53 




.168835 


52 




.168 563 


51 





.168 291 


50 




.168019 


49 




.167 747 


48 




.167475 


47 




.167 204 


46 





166 932 


45 




166 661 


44 




166389 


43 




.166118 


42 




.165 846 


41 





•165 575 


40 




.165304 


39 




•165 033 


38 




.164762 


37 




.164491 


36 





.164220 


35 




.163949 


34 




.163678 


33 




.163407 


32 




.163 136 


31 





.162866 


30 




.162595 


29 




.162325 


28 




.162054 


27 




.161 784 


26 





.161513 


25 




.161 243 


24 




.160973 


23 




.160703 


22 




.160432 


21 





.160 162 


20 




.159892 


19 




.159622 


18 




.159352 


17 




.159083 


16 





.158813 


15 




-158543 


14 




•i58;573 


13 




.158004 


12 




•157 734 


II 





.157465 


10 




157 195 


9 




156926 


8 




.156657 


7 




156388 


6 


0. 


156 118 


5 




155849 


4 




155580 


3 




1553" 


2 




155042 


I 


0. 


154773 







Tan. 


H. 



LOGARITHMIC SINES, COSINES, TANGENTS, AND COTANGENTS. S3 



o 

I 

2 

3 

4 

5 
6 

7 
8 

9 
10 
II 
12 

13 
14 

15 
16 

17 
18 

19 
20 
21 
22 

23 
24 

25 
26 

27 

28 

29 

30 

31 
32 

33 

34 

35 
36 
37 
38 
39 
40 

41 
42 
43 
44 

45 
46 

47 
48 

49 
50 
51 
52 
53 
54 

55 
56 

57 
58 

59 

60 



Sin. 



58591 

58772 
58952 

59132 
59312 

59492 
59672 
59852 
60031 

60 211 

60390 
60569 
60748 
60927 

61 106 

61 285 
61 464 
61 642 

61 821 
61999 

62 177 
62356 

62534 
62712 

62889 
63067 

63245 

63 422 
63600 

63777 

63954 

64 131 

64308 

64485 
64662 

64838 
65015 

65 191 

65367 
65544 
65 720 
65896 
66072 
66247 
66423 

66598 

66774 
66949 
67124 
67300 

67475 
67649 
67824 

67999 
68173 
68348 
68522 
68697 
68871 
69045 

769219 
Cos. 



D. 1". 



3.02 
3.00 
3.00 
3.00 
3.00 

3.00 
3.00 
2.98 
300 
2.98 

2.98 
2.98 
2.98 
2.98 
2.98 

2.98 

2.97 
2.98 

2.97 

2.97 

2.98 
2.97 
2.97 
2.95 

2.97 
2.97 
2.95 

2.97 
2.95 

2.95 

2.95 

2.95 
2.95 

2.95 
2.93 
2.95 

2.93 

2.93 
2.95 

2.93 

2.93 

2.93 
2.92 

2.93 
2.92 

2.93 
2.92 

2.92 

2.93 
2.92 

2.90 
2.92 
2.92 
2.90 
2.92 

2.90 
2.92 
2.90 
2.90 
2.90 

D. 1". 



Cos. 



:D. 1 



n 



9.9 

•9 
•9 
.9 
.9 
9.9 

•9 
•9 
.9 
.9 

9.9 
.9 
.9 
.9 
.9 

9.9 
•9 
•9 
.9 
.9 

9-9 
.9 
•9 
.9 
.9 

9-9 
.9 
•9 
•9 
.9 

9-9 
.9 
.9 
•9 
•9 

9.9 
•9 
•9 



3365 
3276 
3187 

3099 
3010 

2922 

2833 

2744 
2655 

2566 

2477 
2388 

2 299 

2 210 

2 121 

2031 
942 
853 
763 
674 

584 

495 
405 

315 
226 

136 
046 
0956 
0866 
0776 

0686 
0596 
0506 
0415 

0325 



0235 
0144 
0054 
.909963 
.909873 

9.909 782 
.909691 
.909601 
.909510 
.909419 

9.909 328 
.909237 
.909 146 
.909055 
.908 964 

9.908 873 
.908 781 
.908690 
•908 599 
.908 507 

9.908416 
.908 324 
.908 233 
.908 141 
.908 049 

9.907 958 

Sin. 



48 
48 

47 
.48 

•47 
.48 
.48 
.48 
48 
.48 

.48 
48 
48 
.48 
•50 
48 
.48 
.50 
.48 
.50 

48 
.50 
.50 
48 
.50 

.50 

•50 

•50 

•50 
.50 

•50 
.50 

•52 

•50 
.50 

•52 
.50 

•52 
•50 
•52 

•52 
.50 

•52 
•52 
•52 

•52 
•52 
•52 
•52 
•52 

•53 
•52 
•52 
•53 
•52 

•53 
•52 
•53 
•53 

•52 



tr 



D.l 



.540 



Tan.. 



9.845 227 

•845 496 
.845 764 

.846 033 

.846 302 

9.846 570 
.846 839 
.847108 

•847 376 
.847644 

9-847913 
.848 181 

.848 449 

.848717 

.848 986 

9.849 254 
.849 522 
.849 790 
.850057 
•850 325 

9850 593 
.850 861 
.851 129 
.851 396 
.851 664 

9.851 931 
.852 199 
.852 466 

•852 733 
.853001 

9.853 268 

.853 535 
.853 802 

.854069 
.854 336 

9.854 603 
.854 870 

•855 137 

•855 404 
.855671 

9855 938 
.856 204 

.856471 

•856 737 
.857 004 

9.857 270 

•857 537 
.857 803 

.858069 
.858 336 

9.858 602 
.858 868 

•859 134 
.859 400 

.859 666 

9859 932 
.860 198 

.860 464 

.860 730 

.860 995 

9.861 261 
Cot. 



D. 1". 



448 

4^47 
448 

448 

447 
448 
448 

4-47 

447 
4.48 

447 
447 
4.47 
448 

447 

447 
447 
4-45 
447 
447 

447 
4.47 
445 
447 
445 

447 
4^45 
4^45 
447 
445 

445 
4-45 
4^45 
4.45 
4-45 

4.45 
445 
445 
4-45 
4.45 

443 
4^45 
4-43 
4^45 
443 

4^45 
4^43 
443 
4.45 
4.43 

4.43 
443 
4^43 
443 
4-43 

4-43 
443 
4^43 
442 

443 
D. 1". 





Got. 




0.154 773 


60 




.154504 


59 




.154236 


58 




.153967 


57 




.153698 


56 


0. 


153430 


55 




.153161 


54 




.152892 


53 




152624 


52 




■152356 


51 





.152087 


50 




.151 819 


49 




.151551 


48 




.151 283 


47 




.151 014 


46 





.150746 


45 




.150478 


44 




.150210 


43 




.149943 


42 




.149675 


41 





.149407 


40 




.149 139 


39 




.148871 


38 




.148604 


37 




.148336 


36 


0, 


.148069 


35 




.147 801 


34 




.147 534 


33 




.147 267 


32 




.146999 


31 





.146 732 


30 




.146465 


29 




.146 198 


28 




.145 931 


27 




.145 664 


26 





.145 397 


25 




.145 130 


24 




.144863 


23 




.144596 


22 




.144329 


21 





.144062 


20 




.143 796 


19 




.143 529 


18 




.143 263 


17 




.142 996 


16 





.142 730 


15 




.142463 


14 




.142 197 


13 




141 931 


12 




141 664 


II 


0. 


141 398 


10 




141 132 


9 




140 866 


8 




140600 


7 




140334 


6 


0. 


140068 


5 




139802 


4 




139536 


3 




139 270 


2 




139005 


I 


0. 


138739 





Tan. 


H. 



54 LOGARITHMIC SINES, COSINES, TANGENTS, AND COTANGENTS. 

360 



M. 



Sin. 



9 


.769 219 


I 


•769 393 


2 


.769 566 


3 


.769740 


4 


.769913 


5 9 


.770087 


6 


.770 260 


7 


•770 433 


8 


.770 606 


9 


.770 779 


10 9 


.770952 


II 


.771 125 


12 


.771 298 


13 


.771 470 


14 


.771 643 


15 9 


.771815 


i6 


.771 987 


17 


.772 159 


i8 


•772331 


19 


-772 503 


20 9 


.772675 


21 


.772 847 


22 


.773018 


23 


773190 


24 


773 361 


25 9 


■773 533 


26 


773 704 


27 


773 87s 


28 


.774046 


29 


774217 


30 9 


774 388 


31 


774 558 


32 


774 729 


33 


774 899 


34 


775 070 


35 9 


775 240 


36 


775410 


37 


775 580 


38 


775 750 


39 


775 920 


40 9 


.776090 


41 


.776 259 


42 


.776429 


43 


776 598 


44 


.776 768 


45 9 


776 937 


46 


777 106 


47 


777 275 


48 


777 444 


49 


777613 


50 9 


777 781 


51 


777 950 


52 


778119 


53 


778 287 


54 


778 455 


55 9- 


778 624 


56 


778 792 


57 


778960 


58 


779 128 


59 


779 295 


60 9. 


779 463 



Cos. 



D. 1". 



2.90 
2.88 
2.90 
2.88 
2.90 

2.88 
2.88 
2.88 
2.88 
2.88 

2.88 
2.88 
2.87 
2.88 
2.87 

2.87 
2.87 
2.87 
2.87 
2.87 

2.87 
2.85 
2.87 
2.85 
2.87 

2.85 
2.85 
2.85 
2.85 
2.85 

2.83 
2.85 
2.83 
2.85 
2.83 

2.83 
2.83 
2.83 
2.83 
2.83 

2.82 
2.83 
2.82 
2.83 
2.82 

2.82 
2.82 
2.82 
2.82 
2.80 

2.82 
2.82 
2.80 
2.80 
2.82 

2.80 
2.80 
2.80 
2.78 
2.80 

D. 1". 



Cos. 



9.907 958 
.907 866 

•907 774 
.907 682 

•907590 

9.907 498 

.907 406 

.907 314 

.907 222 

.907 129 

9.907 037 
.906 945 
.906 852 
.906760 
.906 667 

9.906 575 
.906 482 
.906 389 
.906 296 
.906 204 

9.906 1 1 1 
. .906018 

•905 925 
.905 832 

•905 739 

9.905 645 
.905 552 

.905 459 
.905 366 

.905 272 
9.905 1 79 
.905 085 
.904 992 
.904 898 
.904 S04 

9.904 71 1 
.904617 

•904 523 

•904 429 

•904 335 

9.904 241 

•904 147 
.904 053 

.903 959 
.903 864 

9.903 770 
.903 676 

.903 581 

.903 487 

.903 392 

9.903 298 
.903 203 
.903 108 
.903 014 
.902919 

9.902 824 
.902 729 
.902 634 

.902 539 
.902444 

9.902 349 
Sin. 



D. 1 



tt 



53 
53 
53 
53 
53 

53 
53 
53 
55 
53 

53 
55 
53 
55 
53 

55 
55 
55 
53 
55 

55 
55 
55 
55 
57 

55 
55 
55 
57 
55 

57 
55 
57 
57 
55 

57 
57 
57 
57 
57 

57 
57 
57 
58 

57 

57 
58 
57 
58 
57 

58 
58 
57 
58 
58 

58 
58 
58 
58 
58 



D. l^^ 
530 



Tan. 



9.861 261 
.861 527 
.861 792 
.862 058 
.862 323 

.9.862 589 
.862 854 
.863 119 
.863 385 
.863 650 

9.863915 
.864180 
.864 445 
.864 710 
.864 975 

9.865 240 
.865 505 
.865 770 
.866 035 
.866 300 

9.866 564 
.866 829 
.867 094 
.867 358 
.867 623 

9.867 887 
.868 152 
.868416 
.868 680 
.868 945 

9.869 209 

.869473 
.869 737 

.870 001 

.870 265 

9.870 529 
.870 793 
.871 057 
.871 321 
.871 585 

9.871 849 
.872 112 
.872 376 
.872 640 
.872 903 

9.873 167 

.873 430 
.873 694 

.873 957 
.874 220 

9.874 484 

.874 747 
.875 010 

•875 273 
•875 537 

9.875 800 
.876 063 
.876 326 
.876 589 
.876 852 

9.877 ^ H 
Got. 



D. 1 



It 



4-43 
4.42 

4.43 
4.42 

4.43 
4.42 
4.42 

443 
4.42 

4.42 

4.42 
4.42 
4.42 

4.42 
4.42 

4.42 
4.42 
4.42 
4.42 
4.40 
4.42 
4.42 
4.40 
4.42 
4.40 

4.42 
4.40 

4.40 
4.42 
4.40 

4.40 
4.40 
4.40 
4.40 
4.40 
4.40 

4.40 
4.40 

4.40 
4.40 

4.38 
4.40 

4.40 

4.38 
4.40 

4.38 
4.40 

4.38 
4.38 
4.40 

4.38 
4.38 
4.38 
4.40 

4.38 

4.38 
438 
4.38 
4-38 
4-37 

D. 1". 



Oot. 



0.138739 


60 




138473 


59 




138208 


58 




137 942 


57 




137 677 


56 


0. 


1374" 


55 




137 146 


54 




136 881 


53 




136 615 


52 




136 350 


51 


0. 


136085 


50 




135 820 


49 




135 555 


48 




.135 290 


47 




•135025 


46 





.134760 


45 




.134495 


44 




.134230 


43 




•133965 


42 




•133700 


41 





•133 436 


40 




•133 171 


39 




.132906 


38 




.132642 


37 




•132377 


36 





.132113 


35 




.131 848 


34 




.131 584 


33 




.131 320 


32 


- 


.131 055 


31 





.130 791 


30 




.130527 


29 




.130263 


28 




.129999 


27 




■129735 


26 





.129471 


25 




.129 207 


24 




.128943 


23 




.128679 


22 




.128415 


21 





.128 151 


20 




.127 888 


19 




.127624 


18 




.127360 


17 




127097 


16 





126833 


15 




.126 570 


14 




.126306 


13 




126043 


12 




125 780 


II 


0. 


125 516 


10 




125253 


9 




124 990 


8 




124727 


7 




124463 


6 


0. 


124200 


5 




123937 


4 




123674 


3 




123411 


2 




123 148 


I 


0. 


122886 






Tan. 



M. 
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37° 



M. 


Sin. 


o 9 


779 463 


I 


779631 


2 


779 798 


3 


.779 966 


4 


•780 133 


5 9 


780300 


6 


780467 


7 


780634 


8 


780801 


9 


780968 


lo 9. 


781 134 


II 


781 30* 


12 


781 468 


13 


781 634 


14 


781800 


15 9 


781966 


16 


782 132 


17 


.782 298 


18 


782 464 


19 


782 630 


20 9. 


782 796 


21 


782 961 


22 


783 127 


23 


.783 292 


24 


.783458 


25 9 


.783 623 


26 


.783 788 


27 


•783 953 


28 


.784118 


29 


784282 


30 9 


.784 447 


31 


.784612 


32 


.784 776 


33 


.784 941 


34 


.785 105 


35 9 


.785 269 


36 


.785 433 


37 


•785 597 


38 


.785 761 


39 


.785 925 


40 9 


.786089 


41 


.786 252 


42 


.786416 


43 


.786 579 


44 


.786 742 


45 9 


.786906 


46 


.787 069 


47 


.787 232 


48 


•787 395 


49 


787 557 


50 9 


787 720 


51 


787 m 


52 


788 045 


53 


.788 208 


54 


788 370 


55 9 


788 532 


56 


788694 


57 


788 856 


58 


789018 


59 


789180 


60 9. 


789342 




O08. 



J). 1 



.»/ 



2.80 
2.78 
2.80 
2.78 
2.78 

2.78 
2.78 
2.78 
2.78 

2.77 

2.78 
2.78 
2.77 
2.77 

277 

277 
2.77 

2.77 

277 
277 

275 
277 
275 
277 
275 

275 
275 
275 
273 
275 

275 
273 
275 
273 
273 

273 
273 
273 
273 
273 

2.72 

273 

2.72 
2.72 

273 

2.72 
2.72 
2.72 
2.70 
2.72 

2.72 
2.70 
2.7.2 
2.70 
2.70 

2.70 
2.70 
2.70 
2.70 
2.70 

D. 1". 



Cos. 



9.902 349 
.902 253 
.902 158 
.902063 
.901 967 

9.901 872 
.901 776 
.901 681 
.901 585 
.901 490 

9.901 394 
.901 298 
.901 202 
.901 106 
.901 010 

9.900 914 
.900818 
.900722 
.900626 
.900529 

9.900 433 
•900337 
.900240 
.900 144 
.900047 

9.899951 
.899 854 
.899 757 
.899 660 

•899 564 
9.899 467 
.899 370 
.899 273 
.899 176 
.899 078 

9.898981 
.898 884 
.898 787 
.898 689 
.898 592 

9.898 494 
.898 397 
.898 299 
.898 202 
.898 104 

9.898 006 
.897 908 
.897 810 
.897 712 
.897 614 

9.897516 
.897418 
.897 320 
.897 222 
.897 123 

9.897 025 
.896 926 
.896 828 
.896 729 
.896 631 

9-896 532 
Sin. 



D. 1". 



.60 

•58 
.58 

.60 
.58 

.60 

•58 

.60 

•58 

.60, 

.60 
.60 
.60 
.60 
.60 

.60 
.60 
.60 
.62 
.60 

.60 
.62 
.60 
.62 
.60 

.62 
.62 
.62 
.60 
.62 

.62 
.62 
.62 

.63 
.62 

.62 
.62 

.63 
.62 

•63 
.62 

•63 
.62 

.63 
.63 

•63 
•63 
.63 
.63 
•63 

•63 

.63 

•63 
.65 

.63 
.65 

.63 
.65 

.63 
.65 



D. 1". I 



Tan. 



9.877 1 14 

•877 377 
.877 640 

•877 903 
.878 165 

9.878 428 
.878 691 

•878 953 
.879 216 
.879 478 

9.879 741 
.880003 
.880 265 
.880 528 
.880790 

9.881 052 
.881 314 
.881 577 
.881 839 
.882 lOI 

9.882 363 
.882 625 
.882 887 
.883 148 
.883 410 

9.883 672 

.883 934 
.884 196 
.884 457 
.884 719 

9.884 980 
.885 242 
.885 504 
.885 765 
.886026 

9.886 288 
.886 549 
.886811 
.887 072 

•887 333 

9.887 594 
.887 855 
.888116 
.888 378 
.888 639 

9.888 900 
.889 161 
.S89 421 
.889 682 
.889 943 

9.890 204 
.890 465 
.890 725 
.890 986 
.891 247 

9.891 507 
.891 768 
.892 028 
.892 289 
.892 549 

9.892810 
Got. 



D. i". 



438 
4.38 
438 

4.37 
4.38 

4.38 

4-37 
438 

4-37 
4.38 

4-37 
4.37 
4.38 

4.37 
4.37 

4.37 
4.38 
4.37 
4.37 
4-37 

4.37 
4.37 
4.35 
4.37 
4-37 

4-37 
4-37 
4.35 
4.37 
4-35 

4.37 
4-37 
4.35 
4.35 
4.37 

4-35 
4.37 
4.35 
4.35 
4.35 

4.35 
4.35 
4.37 
4.35 
4-35 

4.35 
4-33 
4-35 
4-35 
4-35 

4-35 
4.33 
4.35 
4-35 
4.33 

4.35 
4.33 
4.35 
4-33 
4.35 

D. 1". 



Got. 



o. 



o. 



o. 



o. 



o. 



o. 



o. 



o. 



o. 



o. 



o. 



o. 



o. 



22886 
22623 
22360 
22097 
21835 

21 572 
21 309 
21 047 
20784 
20522 

20259 

9 997 
9 735 
9472 
9 210 

8948 
8 686 

8423 
8 161 

7899 

7637 
7 375 

7"3 

6852 

6590 

6328 
6066 
5804 

5 543 
5281 

5020 

4758 
4496 

4235 
3 974 

3712 

3451 
3189 
2928 
2667 

2406 

2145 
1884 

I 622 

I 361 

I 100 
0839 
0579 
0318 
0057 

09 796 

09535 
09275 

09014 

08753 

08493 
08232 

07972 

07 711 

07451 

07 190 
Tan. 



60 

59 
58 
57 
56 

55 
54 
53 
52 
51 
50 

49 
48 

47 
46 

45 

44 

43 
42 

41 
40 

39 
38 

37 
36 

35 
34 
33 
32 

31 

30 
29 
28 
27 
26 

25 

24 
23 
22 
21 

20 

19 
18 

17 
16 

15 

14 

13 
12 

II 

10 

9 
8 

7 
6 

5 

4 

3 

2 

I 



52 



rs 
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38P 



M. 


Sin. 


o 9 


789 342 


z 


.789 504 


2 


789 665 


3 


.789 827 


4 


.789 988 


5 9 


790149 


6 


.790310 


7 


790471 


8 


.790 632 


9 


790793 


lo 9 


790954 


II 


791 115 


la 


791 275 


13 


791 436 


14 


791 596 


15 9 


791 757 


i6 


791 917 


17 


792 077 


i8 


792 237 


ig 


792 397 


20 9- 


792 557 


21 


792 716 


22 


•792 876 


23 


793 035 


24 


793 195 


25 9- 


793 354 


26 


793 5H 


27 


793 673 


28 


793 832 


29 


793991 


30 9 


794 150 


31 


794 308 


32 


794 467 


33 


.794 626 


34 


794 784 


35 9 


794 942 


36 


795 *oi 


37 


795 259 


38 


795417 


39 


795 575 


40 9 
41 


795 733 
795 891 


42 


.796049 


43 


796206 


44 


.796 364 


45 9 


.796 521 


46 


.796 679 


47 


796836 


48 


796 993 


49 


797 150 


50 9 


797 307 


51 


797 464 


52 


797 621 


53 


797 777 


54 


797 934 


55 9 


798091 


56 


798 247 


57 


798 403 


58 


.798 560 


59 


.798 716 


60 9 


.798 872 




O08. 



D. 1". 



2.70 
2.68 
2.70 
2.68 
2.68 

2.68 
2.68 
2.68 
2.68 
2.68 

2.68 
2.67 
2.68 
2.67 
2.68 

2.67 
2.67 
2.67 
2.67 
2.67 

2.65 
2.67 
2.65 
2.67 
2.65 

2.67 
2.65 
2.65 
2.65 
2.65 

2.63 
2.65 
2.65 
2.63 
2.63 

2.65 
2.63 
2.63 
2.63 
2.63 

2.63 
2.63 
2.62 
2.63 
2.62 

2.63 
2.62 
2.62 
2.62 
2.62 

2.62 
2.62 
2.60 
2.62 
2.62 

2.60 
2.60 
2.62 
2.60 
2.60 

D. 1". 



Gosi 



9.896 532 
•896 433 
.896 335 
.896 236 
.896 137 

9.896 038 

.895 939 
.895 840 

.895 741 

.895 641 

9.895 542 

•895 443 

•895343 
.895 244 

.895 145 

9.895 045 
.894 945 

.894846 

.894 746 

.894 646 

9.894 546 
.894 446 
.894346 
.894 246 
.894 146 

9.894 046 
.893 946 
.893 846 
•893 745 
.893 645 

9893 544 

.893444 

.893 343 

.893 243 
.893 142 

9.893 041 
.892 940 
.892 839 

.892 739 
.892 638 

9.892 536 

.892 435 
.892 334 
.892 233 
.892 132 

9.892 030 
.891 929 
.891 827 
.891 726 
.891 624 

9.891 523 
.891 421 
.891 319 
.891 217 
.891 115 

9.891 013 
.890911 
.890809 
.890 707 
.890605 

9.890 503 

Sin. 



D. 1 



tr 



.65 

•63 
.65 

.65 

.65 

.65 
.65 
.65 
.67 
.65 

.65 
.67 
.65 
.65 
.67 

.67 
.65 
.67 
.67 
.67 

.67 
.67 
.67 
.67 
.67 

.67 
.67 

.68 
.67 
.68 

.67 
.68 
.67 
.68 
.68 

.68 
.68 
.67 
.68 
70 
.68 
.68 
.68 
.68 
.70 

.68 
.70 
.68 
.70 
.68 

70 

70 
.70 

.70 

.70 

.70 
.70 
.70 
.70 
.70 



D. 1". 

"5P 



Tan. 



9.892 810 
.893 070 

.893 :iz^ 

.893 591 
.893851 

9.894 1 1 1 

.894 372 
.894 632 

.894 892 

.895 152 

9.895412 
.895 672 

.895 932 
.896 192 

.896 452 

9.896712 
.896971 
.897231 
.897491 
.897751 

9.898 010 
.898 270 
.898 530 
.898 789 
.899 049 

9.899 308 
.899 568 
.899 527 
.900087 
.900346 

9.900 605 
.900864 
.901 124 
.901 383 
.901 642 

9.901 901 
.902 160 
.902 420 
.902 679 
.902 938 

9.903 197 

.903 456 

•903 7H 

.903 973 
.904 232 

9.904491 
.904 750 
.905008 
.905 267 
.905 526 

9.905 785 
.906 043 
.906 302 
.906560 
.906 819 

9.907 077 

•907 336 

•907 594 

•907 853 
.908 1 1 1 

9.908 369 
Got. 



D. 1". 



4.33 
4.35 
4.33 
4.33 
4-33 

4-35 
4.33 
4.33 
4.33 
4.33 

4.33 
4.33 
4.33 
4.33 
4.33 

4.32 
4.33 
4.33 
4.33 
432 

4-33 
4.33 
432 
4-33 
432 

4-33 
4.32 

4.33 
4.32 
4.32 

432 
4.33 
432 
432 
432 

4.32 

4.33 
4.32 
432 
4.32 

432 
4.30 
4.32 
432 
4.32 

4.32 
430 
432 
4.32 
432 

4.30 
4.32 
4.30 
4.32 
430 

4.32 
430 
4-32 
4.30 
4.30 

D. 1". 



Got. 



0.107 190 
06930 
06669 
06409 
06 149 

0.105 889 
05628 
05368 
05 108 
04848 

0.104 588 
04328 
04068 
03808 
03548 

0.103288 
03029 
02 769 
02509 
02 249 

o.ioi 990 
01 730 
01 470 
01 211 

00951 

0.100692 

00432 

00 173 

.099913 
.099 654 

0.099 395 
.099 136 

.098 876 

.098617 

.098 358 

0.098 099 
.097840 
•097580 
.097 321 
.097062 

0.096 803 
.096 544 
.096 286 
.096 027 
.095 768 

0.095 509 
.095 250 
.094 992 

•094 733 
.094 474 

0.094 215 

•093 957 
.093698 

•093 440 
.093 181 

0.092 923 
.092 664 
.092 406 
.092 147 
.091 889 

0.091 631 
Tan. 



60 

59 
58 
57 
56 

55 
54 
53 
52 
51 
50 

49 
48 

47 
46 

45 
44 
43 
42 
41 
40 

39 
38 
37 
36 

35 
34 
33 
32 

31 
30 
29 
28 
27 
26 

25 

24 

23 
22 

21 

20 

19 
18 

17 
16 

15 

14 

13 
12 

II 
10 

9 
8 

7 
6 

5 

4 

3 

2 

I 



M. 
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M. 



o 
I 

2 

3 

4 

5 
6 

7 
8 

9 
10 
II 
12 
13 
14 

15 
16 

17 
18 

19 
20 
21 
22 

23 
24 

25 

26 

27 
28 
29 

30 

31 
32 

33 
34 

35 
36 
37 
38 

39 
40 

41 
42 
43 
44 

45 
46 

47 
48 

49 

50 

51 
52 
53 
54 

55 
56 

57 
58 

59 

60 



Sin. 



9.798 872 
.799028 
.799 184 

•799 339 

•799 495 

9.799651 

.799 806 

•799 962 
.800 117 
.800 272 

9.800 427 
.800582 
.800737 
.800892 
.801 047 

9.801 201 
.801 356 
.801 511 
.801 665 
.801 819 

9.801 973 
.802 128 
.802 282 
.802 436 
.802 589 

9.802 743 
.802 897 
.803 050 
.803 204 

•803 357 

9.803 511 
.803 664 
.803817 
.803 970 
.804 123 

9.804 276 
.804 428 
.804 581 
.804 734 
.804 886 

9.805 039 
.805 191 
•805 343 

.805 495 
.805 647 

9.805 799 
.805951 
.806 103 
.806 254 
.806 406 

9.806 557 
.806709 
.806860 
.807011 
.807 163 

9.807 314 
.807 465 
.807 615 
.807 766 
.807917 

9.808 067 
Cos. 



D. 1". 



2.60 
2.60 
2.58 
2.60 
2.60 

2.58 
2.60 
2.58 
2.58 
2.58 

2.58 
2.58 
2.58 
2.58 

2.57 
2.58 
2.58 

2-57 
2-57 
2.57 
2.58 

2.57 
2-57 
2^55 
2-57 

2.57 
2.55 
2.57 
2.55 
2.57 

2.55 
2.55 
2.55 
2.55 
2.55 

253 
2.55 
2.55 
253 
2.55 

2-53 
2-53 
2-53 
2.53 
2^53 

2.53 

2.53 
2.52 

2.53 
2.52 

2-53 
2.52 

2.52 

2.53 
2.52 

2.52 
2.50 
2.52 
2.52 
2.50 

D. 1". 



O08. 



9.890 503 
.890400 
.890 298 
.890 195 
.890093 

9.889 990 
.889 888 
.889 785 
.889 682 
.889 579 

9.889 477 
.889 374 
.889271 
.889 168 
.889 064 

9.888 961 
.888 858 
•888 755 
.888651 
.888 548 

9.888 444 
.888 341 
.888 237 
.888 134 
.888030 

9.887 926 
.887 822 
.887718 
.887 614 
.887510 

9.887 406 
.887 302 
.887 198 
.887 093 
.886 989 

9.886 885 
,886 780 
.886 676 
.886571 
.886 466 

9.886 362 
.886 257 
.886 152 
.886047 
.885 942 

9.885 837 
.885 732 
.885 627 
.885 522 
.885416 

9.885 311 
.885 205 
.885 100 
.884 994 
.884 889 

9.884 783 
.884 677 
.884 572 
.884 466 
.884 360 

9.884 254 
Sin. 



D. 1". 



1.72 
1.70 
1.72 
1.70 
1.72 

1.70 
1.72 
1.72 
1.72 
1.70 

1.72 
1.72 
1.72 

1-73 
1.72 

1.72 
1.72 

1.73 
1.72 

>-73 
1.72 

1-73 
1.72 

1-73 
1-73 

^'73 
1-73 
1.73 
1-73 
1-73 

J-73 
1-73 
1-75 
1-73 
1.73 

1-75 
1-73 
1-75 
1-75 
1-73 

1-75 
1-75 
1-75 
1-75 
1-75 

1-75 

1-75 

1-75 
1.77 

1-75 

1-77 

1-75 
1.77 

1-75 
1.77 

1.77 

»-75 
1.77 

1.77 
1-77 

D. 1". 

50^ 



Tan. 



D. 1". 



9.908 369 
.908 628 
.908 886 
.909 144 
.909 402 

9.909 660 
.909918 



.9 
.9 
•9 

9^9 
.9 
•9 
.9 
•9 

99 
•9 
.9 
•9 
•9 

9-9 
•9 
.9 
.9 
.9 

9-9 
.9 
.9 
•9 
•9 

9-9 
.9 
•9 
.9 
•9 

9^9 
•9 
.9 
•9 
.9 

9.9 

.9 
.9 
•9 
•9 

9-9 



0177 

0435 
0693 

0951 
I 209 
1467 

1725 

1 982 

2 240 
2498 
2756 

3 OH 
3271 

3 
3 
4 
4 
4 



529 

787 
044 

302 

560 

817 

075 
332 
590 

847 
104 
362 
619 

877 
134 



7391 
7648 

7906 

8163 

8420 

8677 

8934 
9 191 

9448 
9705 

9962 
.920219 
.920 476 

•920 733 
.920 990 

9.921 247 
.921 503 
.921 760 
.922017 
.922 274 

9.922 530 
.922 787 
.923 044 
.923 300 

.923 557 

9923 814 

Got. 



4^32 
4-30 
4^3o 
4.30 
430 

4.30 
4.32 

4^30 
4.30 
4^30 

430 

430 

4.30 
4.28 

430 

4.30 

4.30 

430 
4.28 

430 

430 
4.28 

4.30 

4.30 
4.28 

430 
4.28 

4.30 
4.28 

4.28 

430 
4.28 

430 
4.28 

4.28 

4.28 

430 
4.28 

4.28 

4.28 

4.28 
4.28 
4.28 
4.28 
4.28 

4.28 
4.28 
4.28 
4.28 
4.28 

4.27 
4.28 
4.28 
4.28 
4.27 
4.28 
4.28 
4.27 
4.28 
4.28 

D. 1". 



Got. 



0.091 631 
.091 372 
.091 114 
.090 856 
.090 598 

0.090 340 
.090 082 
.089 823 
.089 565 
.089 307 

0.089 049 
.088 791 
.088 533 
.088 275 
.088018 

0.087 760 
.087 502 
.087 244 
.086 986 
.086 729 

0.086471 
.086 213 
.085 956 
.085 698 
.085 440 

0.085 '^3 
.084 925 
.084 668 
.084 410 
.084 153 

0.083 896 
.083 638 
.083 381 
.083 123 
.082 866 

0.082 609 
.082 352 
.082 094 
.081 837 
.081 580 

0.081 323 
.081 066 
.080809 
.080 552 
.080 295 

0.080 038 
.079 781 
.079 524 
.079 267 
.079010 

0.078 753 
.078 497 
.078 240 
.077 983 
.077 726 

0.077 470 
.077 213 
.076 956 
.076 700 
.076 443 

0.076 186 
Tan. 



60 

59 
58 

57 
56 

55 
54 
53 
52 
51 
50 

49 
48 

47 
46 

45 
44 
43 
42 

41 
40 

39 
38 

37 
36 

35 
34 
33 
32 

31 

30 

29 
28 

27 
26 

25 
24 

23 
22 

21 

20 

19 
18 

17 
16 

15 
14 
13 
12 

II 

10 

9 
8 

7 
6 

5 

4 

3 

2 

I 



M. 



58 LOGARITHMIC SINES, COSINES, TANGENTS, AND COTANGENTS. 

40O 



Sin. 



o 


9.808 067 


X 


.808 218 


2 


.808 368 


3 


.808519 


4 


.808669 


5 


9.808819 


6 


.808969 


7 


.809 119 


8 


.809269 


9 


.809419 


lO 


9.809569 


IX 


.809718 


12 


.809868 


13 


.810017 


14 


.810 167 


15 


9.810 316 


i6 


.810465 


17 


.810614 


i8 


.810 763 


19 


.810912 


20 


9.81 1 061 


21 


.811 210 


22 


.811358 


23 


.811 507 


24 


.811 655 


as 


9.8 1 1 804 


26 


.811952 


27 


.812 100 


28 


.812248 


29 


.812396 


30 


9.812544 


31 


.812692 


32 


.812840 


33 


.812988 


34 


•813 135 


35 


9-813283 


36 


.813430 


37 


.813578 


38 


.813725 


39 


.813872 


40 


9.814019 


41 


.814 166 


42 


.814313 


43 


.814460 


44 


.814607 


45 


9.814 753 


46 


.814900 


47 


.815046 


48 


•815 193 


49 


.815339 


50 


9.815485 


51 


.815632 


52 


.815778 


53 


.815924 


54 


.816069 


55 


9.816 215 


56 


.816361 


57 


.816507 


58 


.816652 


59 


.816 798 


60 


9.816943 



D. 1". 



Oos. 



2.52 
2.50 
2.52 
2.50 
2.50 

2.50 
2.50 
2.50 
2.50 
2.50 

2.48 
2.50 
2.48 
2.50 
248 

2.48 
2.48 
2.48 
2.48 
2.48 

2.48 
2.47 
2.48 
2.47 
2.48 

2.47 
2.47 
2.47 
2.47 
2.47 

2.47 
2.47 
2.47 
2.45 

2.47 

2.45 
2.47 

2.45 
2.45 
2-45 

2.45 
2.45 
2.45 
2.45 
2.43 

2.45 
2.43 
2.45 
2.43 
2.43 

2.45 

2.43 

2.43 
2.42 

2.43 

2.43 

2.43 
2.42 

2.43 
2.42 

D. 1". 



Oos. 



9.884 254 
.884 148 
.884 042 

.883 936 
.883 829 

9.883 723 
.883617 
.883510 
.883 404 
.883 297 

9.883 191 
.883 084 
.882 977 
.882871 
.882 764 

9.882 657 
.882 550 
.882 443 
.882 336 
.882 229 

9.882 121 
.882014 
.881 907 
.881 799 
.881 692 

9.881 584 
.881 477 
.881 369 
.881 261 
.881 153 

9.881 046 
.880 938 
.880 830 
.880 722 
.880613 

9.880 505 
.880 397 
.880 289 
.880180 
.880 072 

9.879 963 

.879 855 
.879 746 
.879 637 

.879 529 

9.879 420 

.879311 

.879 202 

.879 093 
.878 984 

9.878 875 
.878 766 
.878 656 

.878 547 
.878 438 

9.878 328 
.878219 
.878 109 

.877 999 
.877 890 

9.877 780 
Sin. 



D 1". 



.77 

•77 

•77 
.78 

•77 

•77 
.78 
.77 
.78 

•77 

•78 
•78 

•77 
.78 

•78 

.78 

.78 

.78 

•78 
.80 

•78 
.78 
.80 
.78 
.80 

•78 
.80 

.80 

.80 

.78 

.80 
.80 
.80 
.82 
.80 

.80 
.80 
.82 
.80 
.82 

.80 
.82 
.82 
.80 
.82 

.82 
.82 
.82 
.82 
.82 

.82 

.83 
.82 

.82 

.83 

.82 

■S3 

.83 
.82 

•83 



D. 1^ 

49^ 



Tan. 



9.923 814 
.924 070 

•924 327 

.924 583 
.924 840 

9.925 096 

•925 352 
.925 609 

.925 865 

.926 122 

9.926 378 
.926 634 
.926890 

•927 147 
•927 403 

9.927 659 
.927 915 
.928 171 
.928 427 
.928 684 

9.928 940 
.929 196 
.929 452 
.929 708 
.929 964 

9.930 220 

.930 475 

•930 731 
.930 987 

.931 243 

9-93 « 499 

•931 755 
.932010 

.932 266 

.932 522 

9932 778 

•933 033 

.933 289 

.933 545 
.933800 

9.934 056 

•934 3" 
.934 567 
.934 822 
.935 078 

9.935 333 

.935 589 

•935 844 
.936 100 

.936 355 

9.936 61 1 
.936 866 
.937 121 
•937 377 
•937 632 

9.937 887 
.938 142 

.938 398 
•938 653 
.938 908 

9-939 163 

Got. 



D. 1". 



4.27 
4.28 
4.27 
4.28 
4.27 

4.27 
4.28 

4.27 
4.28 

4.27 
4.27 
4.27 
4.28 
4.27 
4.27 

4.27 
4.27 
4.27 
4.28 
4.27 

4.27 
4.27 

4.27 

4.27 

4.27 

4.25 
4.27 

4.27 

4.27 
4.27 

4.27 

4.25 
4.27 

4.27 

4.27 

425 
4.27 
4.27 
4.25 
4.27 

4.25 
4.27 
4.25 
4.27 
4.25 

4.27 
4.25 
4.27 
4.25 
4.27 

4.25 
4.25 
4.27 
4.25 
4.25 

4.25 

4.27 

4.25 
4.25 

4.25 
D. 1". 



Got. 



0.076 186 
.075 930 

•075 673 
.075417 

.075 160 

0.074 904 
.074 648 
.074391 

.074 135 
.073 878 

0.073 622 
.073 366 
.07311.0 
.072 853 
.072 597 

0.072 341 
.072 085 
.071 829 

•071 573 
.071 316 

0.071 060 
.070 804 
.070 548 
.070 292 
.070 036 

0.069 780 
.069 525 
.069 269 
.069013 
.068 757 

0.068 501 
.068 245 
.067 990 
.067 734 
.067 478 

0.067 222 
.066 967 
.066 711 
.066 455 
.066 200 

0.065 944 
.065 689 

.065 433 
.065 178 
.064 922 

0.064 667 
.064411 
.064 156 
.063900 
.063 645 

0.063 389 
.063 134 
.062 879 
.062 623 
.062 368 

0.062 113 
.061 858 
.061 602 
.061 347 
.061 092 

0.060 837 
Tan. 



60 
59 
58 
57 
56 

55 
54 
53 
52 
51 
50 

49 
48 

47 
46 

45 
44 
43 
42 
41 
40 

39 
38 

37 
36 

35 
34 
33 
32 
31 
30 

29 
28 

27 
26 

25 

24 

23 
22 

21 
20 

19 
18 

17 
16 

15 

14 

13 
12 

XX 

xo 

9 
8 

7 
6 

5 

4 

3 

2 

I 
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410 



o 
I 

2 

3 

4 

5 
6 

7 
8 

9 

lO 

iz 

12 

13 
14 

i6 

17 
i8 

19 

20 
21 
22 
23 
24 

25 
26 

27 

28 

29 

30 
31 
3a 

33 
34 

35 
36 
37 
38 
39 
40 
41 
42 
43 
44 

45 

46 

47 
48 

49 

50 

51 
52 
53 
54 

55 
56 
57 
58 
59 
60 



Sin. 



D. 1". 



9.816943 
.817088 

.817233 

•817379 
.817 524 

9.817668 
.817813 

.817958 
.818 103 
.818247 

9.818 392 
.818 536 
.818681 
.818825 
.818969 

9.819 113 
.819257 
.819401 

.819545 
.819 689 

9.819 832 
.819976 
.820 120 
.820 263 
.820406 

9.820 550 
.820 693 
.820 836 
.820 979 
.821 122 

9.821 265 
.821 407 
.821 550 
.821 693 
.821 835 

9.821 977 
.822 120 
.822 262 
.822 404 
.822 546 

9.822 688 
.822 830 
.822 972 
.823 114 
.823 255 

9823 397 
.823 539 
.823 680 
.823 821 
.823 963 

9.824 104 
.824 245 
.824 386 
.824 527 
.824 668 

9.824 808 
.824 949 
.825090 
.825 230 
.825 371 

9-825511 

O08. 



2.42 
2.42 

2.43 
242 

2.40 

2.42 
2.42 
2.42 
2.40 
2.42 

2.40 
2.42 
2.40 
2.40 
2.40 

240 
2.40 
2.40 
2.40 
2.38 

2.40 
240 
2.38 
2.38 
2.40 

2.38 
2.38 
2.38 
2.38 
2.38 

2.37 
2.38 
2.38 

2.37 
2.37 
2.38 

2.37 
2.37 
2-37 
2.37 

2.37 
2.37 
2.37 
2-35 
2.37 

2.37 
2.35 
2.35 
2.37 
2.35 

2.35 
2.35 
2.35 
2.35 
2.33 

2.35 
2.35 
2.33 
2.35 
2.33 

D. 1". 



O08. 



9.877 780 
.877 670 
.877 560 
.877 450 
.877 340 

9.877 230 
.877 120 
.877010 
.876 899 
.876 789 

9.876 678 
.876 568 
.876 457 
.876 347 
.876 236 

9.876 125 
.876014 

.875 904 

.875 793 
.875 682 

9-875 57" 
.875 459 
.875348 

.875 237 
.875 126 

9.875 014 
.874 903 
.874 791 

.874 680 
.874 568 

9.874 456 

.874344 
.874 232 

.874 121 

.874009 

9.873 896 

.873 784 
.873 672 

.873 560 
.873 448 

9-873 335 
.873 223 

.873 1 10 

.872 998 

.872 885 

9.872 772 
.872 659 

.872 547 
.872 434 
.872 321 

9.872 208 
.872 095 
.871 981 
.871 868 

.871 755 
9.871 641 
.871 528 
.871 414 
.871 301 
.871 187 

9-871 073 

Sin. 



D. 1", 



.83 
•^3 
.83 
.83 
.83 

•S3 

.83 
.85 

•83 
.85 

.83 
.85 

.83 
.85 

.85 

-85 

.83 

.85 

.85 

.85 
.87 

•85 
.85 

.85 

.87 

-85 
.87 
.85 

•87 
.87 

.87 
.87 
.85 
.87 
.88 

.87 
.87 

.87 

•87 
.88 

.87 
.88 
.87 
.88 
.88 

.88 
.87 
.88 
.88 
.88 

.88 
.90 
.88 
.88 
.90 

.88 
.90 
.88 
.90 
.90 



D. 1". 

48^ 



Tan. 



9.939 163 
.939418 

.939 673 
.939 928 

.940 183 

9-940 439 
.940 694 
.940 949 
.941 204 
.941 459 

9-941 713 
.941 968 
.942 223 
.942 478 
.942 733 

9.942 988 

•943 243 

.943 498 

.943 752 
.944007 

9.944 262 

.944517 
.944771 

.945 026 
.945 281 

9.945 535 
.945 790 
.946 045 
.946 299 

.946 554 

9.946 808 

.947 063 

.947 318 

-947 572 
.947 827 

9.948 081 

.948 335 
.948 590 
.948 844 
.949 099 

9-949 353 
.949 608 

.949 862 

.950 116 

.950371 

9.950 625 

.950 879 

-951 133 
.951 388 
.951 642 

9.951 896 
-952 150 
.952 405 
•952 659 
.952913 

9.953 167 
•953 421 
.953 675 
.953 929 
.954 183 

9.954 437 
Got. 



D. 1". 



4.25 

4-25 

4-25 

4-25 
4.27 

4.25 
4.25 

4.25 
4.25 
4.23 
4.25 
425 
4^25 
4-25 
4.25 

4-25 
4-25 
4.23 
4.25 

4.25 
4.25 

4.23 
4.25 

4.25 

4.23 

4.25 

4.25 
4-23 
4-25 
4.23 

4.25 
4.25 
4-23 
4.25 

4-23 

423 

4-5 
4-23 
4-25 
4-23 

4-25 
4.23 
4^23 
4^25 
4-23 

4^23 
4.23 
425 
423 
4.23 

4-23 
4-25 
4-23 
4.23 
423 

423 
4.23 
4.23 
4.23 
4.23 

D. 1". 



Got. 



0.060 837 


60 


.060582 


59 


.060 327 


58 


.060 072 


57 


.059817 


56 


0.059 561 


55 


.059 306 


54 


.059051 


53 


.058 796 


52 


.058 541 


51 


0.058 287 


50 


.058 032 


49 


.057 777 


48 


.057 522 


47 


.057 267 


46 


0.057012 


45 


.056 757 


44 


.056 502 


43 


.056 248 


42 


•055 993 


41 


0.055 738 


40 


•055 483 


39 


.055 229 


38 


.054 974 


37 


.054719 


36 


0.054 465 


35 


.054210 


34 


•053 955 


33 


•053 701 


32 


-053 446 


31 


0.053 192 


30 


.052 937 


29 


.052 682 


28 


.052 428 


27 


.052173 


26 


0.051 919 


25 


.051 665 


24 


.051 410 


23 


.051 156 


22 


.050 901 


21 


0.050 647 


20 


.050 392 


19 


.050 138 


18 


.049884 


17 


.049 629 


16 


0.049 375 


15 


.049 121 


14 


.048 867 


13 


.048612 


Z2 


.048 358 


ZI 


0.048 104 


10 


.047 850 


9 


.047 595 


8 


.047 341 


7 


.047 087 


6 


0.046 833 


5 


.046 579 


4 


.046 325 


3 


.046071 


2 


.045817 


z 


0.045 563 






Tan. 



60 LOGARITHMIC SIXES, COSINES, TANGENTS, AND COTANGENTS. 

42° 



D. 1". 



o 


9.825511 


I 


.825651 


2 


.825 791 


3 


^25 93« 


4 


.826071 


5 


9.826 21 1 


6 


.826351 


7 


.826 491 


8 


.826631 


9 


.826770 


lO 


9.826 910 


II 


.827 049 


13 


.827 189 


13 


.827 328 


14 


.827 467 


15 


9.827 606 


i6 


-«27 745 


17 


.827884 


i8 


.828023 


19 


.828 162 


20 


9.828 301 


21 


.828 439 


23 


.828 578 


«3 


.828 716 


24 


.828 855 


«5 


9.828 993 


26 


.829 131 


27 


.829269 


28 


.829407 


29 


.829 545 


30 


9.829 683 


3« 


.829821 


32 


.829 959 


33 


.830 097 


34 


.830 234 


35 


9-830 372 


36 


.830 509 


37 


.830 646 


3« 


.830 784 


39 


.830921 


40 


9.831 058 


41 


.831 i'95 


4« 


.831 332 


43 


.831 469 


44 


.831606 


45 


9.831 742 


46 


.831 879 


47 


.832015 


4« 


.832 152 


49 


.832288 


50 


9.832 425 


51 


.832 561 


52 


.832 697 


53 


.832 833 


54 


.832 969 


55 


9833 105 


56 


.833 241 


57 


•833 377 


58 


.833512 


59 


.833 648 


60 


9.833 783 



Goi. 



2.33 
2.33 
2.33 
2-33 
2.33 

2.33 

2.33 

2.33 
2.32 

2.33 
2.32 

2.33 
2.32 

2.32 

2.32 

2.32 
2.32 
2.32 
2.32 
2.32 

2.32 

2.30 
2.32 

2.30 

2.30 
2.30 
2.30 
2.30 
2.30 

2.30 
2.30 
2.30 
2.28 
2.30 

2.28 
2.28 
2.30 
2.28 
2.28 

2.28 
2.28 
2.28 
2.28 
2.27 

2.28 
2.27 
2.28 
2.27 
2.28 

2.27 
2.27 
2.27 
2.27 
2.27 

2.27 
2.27 
2.25 
2.27 
2.25 

D. 1". 



Got. 



iD.l 



// 



9.871 073 
.870960 
.870846 
.870 732 
.870618 

9.870 504 
.870390 
.870 276 
.870 161 
.870047 

9.869 933 
.869818 
.869704 
.869589 
.869474 

9.869360 

.869245 
.869 130 
.869015 
.868900 

9.868 785 
.868670 
.868555 
.868440 
.868324 

9.868209 
.868093 
.867 978 
.867862 
.867 747 

9.867 631 
.867 515 

.867399 
.867283 

.867 167 

9.867051 
.866935 
.866819 
.866703 
.866586 

9.866 470 
.866353 
.866237 
.866 120 
.866004 

9.865 887 
.865 770 
.865 653 
.865 536 
.865 419 

9.865 302 
.865 185 
.865068 
.864 950 
.864 833 

9.864 716 
.864 598 
.864 481 
.864 363 
.864 245 

9.864 127 



.88 
.90 
.90 
.90 

.90 

-90 
.90 
.92 
.90 
•90 
.92 
.90 
.92 
.92 
.90 

.92 

.92 
.92 
.92 
.92 

.92 
.92 
.92 

•93 
.92 

•93 
.92 

.93 
•92 

.93 

•93 
.93 
•93 
•93 
•93 

•93 
.93 
•93 
.95 
•93 

•95 
•93 
•95 

.93 
•95 

95 
■95 
95 
•95 
■95 

95 
■95 
97 
95 
95 

97 
95 
97 
97 
97 



rr 



D.l 



470 



Tin. 



9954 437 
.954 691 

•954 946 
.955200 

•955 454 

9.955 708 
•955 961 
.956 215 
.956 469 
.956 723 

9.956 977 

.957 231 
.957 485 
•957 739 
.957 993 
9.958 247 
•958 500 

•958 754 
.959008 
.959 262 

9.959516 
.959 769 
.960023 
.960277 
.960530 

9.960784 
.961 038 
.961 292 
.961 545 
.961799 

9.962 052 
.962306 
.962 560 
.962 813 
.963067 

9.963 320 

.963 574 
.963 828 

.964081 

•964 335 

9.964 588 
.964842 

•965095 

.965349 
.965 602 

9.965 855 
.966 109 
.966 362 
.966616 
.966869 

9.967 123 
.967 376 
.967 629 

.967 883 
.968 136 

9.968 389 
.968 643 
.968 896 
.969 149 
.969 403 

9.969 656 
Got. 



D. 1". 



4.23 
4-25 
4-23 
4.23 
4.23 
4.22 
4-23 
4.23 
4.23 
4.23 

4-23 
4.23 
4.23 
4-23 
4-23 
4.22 
4.23 
4-23 
4.23 
423 
4.22 
4.23 

4-23 
4.22 

4-23 

4-23 
4.23 
4.22 

4.23 
4.22 

4.23 

4.23 
4.22 

4.23 
4.22 

4.23 

4.23 
4.22 

423 
4.22 

4.23 
4.22 

4.23 
4.22 
4.22 

423 
4.22 

4.23 
4.22 

4.23 
4.22 
4.22 
4.23 
4.22 
4.22 

4.23 
4.22 

4.22 

423 
4.22 

D. 1". 



Got 



OXH5 563 


60 


.045309 


59 


.045054 


58 


.044800 


57 


.044546 


56 


0.044292 


55 


.044039 


54 


•043785 


53 


.043 53 > 


52 


•043 277 


51 


0.043023 


50 


.042769 


49 


.042515 


48 


X)42 26l 


47 


J042OOJ 


46 


0.041 753 


45 


.041 500 


44 


.041 246 


43 


.040992 


42 


.040 738 


41 


0.040484 


40 


.040 231 


39 


•039 977 


38 


.039 723 


37 


.039 470 


36 


0.039 216 


35 


.038 962 


34 


.038708 


33 


.038 455 


32 


.038 201 


31 


0.037 948 


30 


.037694 


29 


.037440 


28 


.037 187 


27 


.036 933 


26 


0.036 680 


25 


x>36426 


24 


/>36 172 


23 


.035 919 


22 


•035 665 


21 


0.035 412 


20 


•035 >58 


19 


•034905 


18 


.034651 


17 


.034398 


16 


0.034 145 


15 


.033 891 


14 


.033 638 


13 


.033 384 


12 


•033 131 


II 


0.032 877 


10 


.032 624 


9 


.032371 


8 


.032117 


7 


.031 864 


6 


0.031 611 


5 


.031 357 


4 


.031 104 


3 


.030851 


2 


.030 597 


I 


0.030 344 






Tan. 



LOGARITHMIC SINES, COSINES, TANGENTS, AND COTANGENTS. 61 



M. 



Sin. 






9.833 783 


I 


.833919 


2 


•834 054 


3 


.834 189 


4 


.834 325 


5 


9.834 460 


6 


•834 595 


7 


.834 730 


8 


.834 865 


9 


.834 999 


10 


9.835 134 


II 


.835 269 


12 


•835 403 


13 


.835 538 


14 


•835 672 


15 


9.835 807 


16 


.835 941 


17 


.836075 


18 


.836 209 


19 


.836 343 


20 


9.836 477 


21 


.836611 


22 


•836 745 


23 


.836 878 


24 


.837012 


as 


9.837 146 


26 


•837 279 


27 


.837412 


28 


.837 546 


29 


.837 679 


30 


9.837 812 


31 


.837 945 


32 


.838 078 


33 


.838211 


34 


.838 344 


35 


9.838 477 


36 


.838 610 


37 


.838 742 


38 


.838 875 


39 


.839 007 


40 


9839 140 


41 


.839 272 


42 


.839 404 


43 


•839 536 


44 


.839 668 


45 


9.839 800 


46 


.839 932 


47 


.840 064 


48 


.840 196 


49 


.840 328 


50 


9.840 459 


51 


.840 591 


52 


.840 722 


53 


.840 854 


54 


.840 985 


55 


9841 116 


56 


.841 247 


57 


.841 378 


58 


.841 509 


59 


.841 640 


60 


9.841 771 



D. 1". 



Cos. 



2.27 
2.25 
2.25 
2.27 
2.25 

2.25 
2.25 
2.25 
2.23 

2.25 

2.25 
2.23 
2.25 
2.23 
2.25 

2.23 
2.23 
2.23 
2.23 
2.23 

2.23 
2.23 
2.22 
2.23 
2.23 

2.22 
2.22 
2.23 
2.22 
2.22 

2.22 
2.22 
2.22 
2.22 
2.22 

2.22 
2.20 
2.22 
2.20 
2.22 

2.20 
2.20 
2.20 
2.20 
2.20 

2.20 
2.20 
2.20 
2.20 
2.18 

2.20 
2.18 
2.20 
2.18 
2.18 

2.18 
2.18 
2.18 
2.18 
2.18 



Oos. 



9.864 127 
.864010 
.863 892 
.863 774 
.863 656 

9.863 538 
.863419 
.863 301 
.863 183 
.863 064 

9.862 946 
.862 827 
.862 709 
.862 590 
.862471 

9-862 353 
.862 234 
.862 115 
.861 996 
.861 877 

9.861 758 
.861 638 
.861 519 
.861 400 
.861 280 

9.861 161 
.861 041 
.860 922 
.860802 
.860 682 

9.860 562 
.860442 
.860 322 
.860 202 
.860082 

9.859 962 
.859 842 
.859 721 
.859 601 
.859 480 

9.859 360 
.859 239 
.859119 
.858 998 
.858 877 

9.858 756 

.858 635 

.858514 

.858 393 
.858 272 

9.858 151 
.858 029 
.857 908 
.857 786 
.857 665 

9.857 543 
.857 422 

.857 300 

.857178 

.857 056 

9.856 934 

Sin. 



D. 1". 



•95 
•97 
•97 
.97 
•97 
.98 

•97 

•97 
.98 

•97 
.98 

.97 
.98 

.98 
•97 
.98 
.98 
.98 
.98 
.98 

2.00 
.98 
.98 

2.00 
.98 

2.00 

.98 
2.00 
2.00 
2.00 

2.00 
2.00 
2.00 
2.00 
2.00 

2.00 
2.02 
2.00 
2.02 
2.00 

2.02 
2.00 
2.02 
2.02 
2.02 

2.62 
2.02 
2.02 
2.02 
2.02 

2.03 
2.02 
2.03 
2.02 
2.03 

2.02 
2.03 
2.03 
2.03 
2.03 

D. l^^ 
460 



Tan. 



9.969 656 
.969 909 
.970 162 
.970416 
.970 669 



9.970 

•97 > 
.971 
.971 
.971 

9.972 
.972 

.972 

•972 

•973 



922 

175 
429 

682 

935 
1 88 
441 

695 
948 
201 



D. 1". 



9973 454 

•973 707 
.973 960 

.974 213 
•974 466 



9.974 
•974 
•975 
.975 
•975 

9^975 
.970 

.976 

.976 

.976 



720 

973 
226 

479 

732 

985 

238 
491 

744 
997 



9.977 250 

.977 503 
.977 756 

.978009 

.978 262 

9.978515 
.978 768 
.979 021 
.979 274 

•979 527 
9.979 780 
.980 033 
.980 286 
.980 538 
.980 791 

9.981 044 
.981 297 
.981 550 
.981 803 
.982 056 

9.982 309 
.982 562 
.982 814 
.983 067 
.983 320 

9.983 573 
.983 826 

.984 079 

•984 332 

.984 584 

9^984 837 

Got. 



4.22 
4.22 

4-23 
4.22 

4.22 

4.22 

4.23 
4.22 

4.22 

4.22 

4.22 

423 
4.22 

4.22 

4.22 

4.22 
4.22 
4.22 
4.22 

4.23 
4.22 
4.22 
4.22 
4.22 
4.22 

4.22 
4.22 
4.22 
4.22 
4.22 

4.22 
4.22 
4.22 
4.22 
4.22 

4.22 
4.22 
4.22 
4.22 
4.22 

4.22 
4.22 
4.20 
4.22 
4.22 

4.22 
4.22 
4.22 
4.22 
4.22 

4.22 
4.20 
4.22 
4.22 
4.22 

4.22 
4.22 
4.22 
4.20 

4.22 

D. 1". 



Got. 



0.030 344 


60 


.030091 


59 


.029 838 


58 


.029 584 


57 


.029 331 


56 


0.029 078 


55 


.028 825 


54 


.028 571 


53 


.028318 


52 


.028 065 


51 


0.027812 


50 


.027 559 


49 


.027 305 


48 


.027 052 


47 


.026 799 


46 


0.026 546 


45 


.026 293 


44 


.026 040 


43 


.025 787 


42 


.025 534 


41 


0.025 280 


40 


.025 027 


39 


.024 774 


38 


.024521 


37 


.024 268 


36 


0.024015 


35 


.023 762 


34 


.023 509 


33 


.023 256 


32 


.023 003 


31 


0.022 750 


30 


.022 497 


29 


.022 244 


28 


.021 991 


27 


.021 738 


26 


0.021 485 


25 


.021 232 


24 


.020 979 


23 


.020 726 


22 


.020473 


21 


0.020 220 


20 


.019967 


19 


.019 714 


18 


.019462 


17 


.019 209 


16 


0.018956 


15 


.018 703 


14 


.018450 


^3, 


.018 197 


12 


.017944 


II 


0.017 691 


10 


.017438 


9 


.017 186 


8 


.016933 


7 


.016 680 


6 


0.016 427 


5 


.016 174 


4 


.015921 


3 


.015 668 


2 


.015416 


I 


0.015 ^63 






Tan. 



M. 



62 LOGARITHMIC SINES, COSINES, TANGENTS, AND COTANGENTS. 

440 



o 

z 
a 

3 

4 

5 

6 

7 
8 

9 
10 
iz 
za 

13 
14 

15 
z6 

17 
z8 

19 

30 

az 
aa 

23 

24 

25 
a6 

27 
aS 

29 

30 

31 
32 
33 
34 

35 
36 
37 
38 
39 
40 

41 
42 
43 
44 

45 
46 

47 
48 

49 

50 

51 
52 

53 
54 

55 
56 

57 
58 

59 

60 



Sin. 



9.841 771 
.841 902 
.842 033 
.842 163 
.842 294 

9.842 424 

.842 555 
.842 685 

.842815 

.842 946 

9.843 076 
.843 206 

•843 336 
.843 466 

.843 595 

9.843 725 
.843 855 
.843 984 
.844 1 14 
.844 243 

9.844 372 
.844 502 
.844 631 
.844760 
.844 889 

9.845 018 
.845 147 
.845 276 

.845 405 
.845 533 

9.845 662 
.845 790 
.845919 
.846 047 
.846 175 

9.846 304 
.846 432 
.846 560 
.846 688 
.846816 

9.846 944 
.847071 
.847 199 
.847 327 

.847 454 

9.847 582 
.847 709 
.847 836 
.847 964 
.848091 

9.848218 
.848 345 
.848 472 
.848 599 
.848 726 

9.848 852 
.848 979 
.849 106 
.849 232 

•849 359 

9-849 485 

O08. 



D. 1". 



2.18 


2.18 


2.17 


2.18 


2.17 


2.18 


2.17 


2.17 


2.18 


2.17 


2.17 


2.17 


2.17 


2.15 


2.17 


2.17 


2.15 


2.17 


2.15 


2.15 


2.17 


2.15 


2.15 


2.15 


2.15 


2.15 


2.15 


2.15 


2.13 


2.15 


2.13 


2.15 


2.13 


2.13 


2.15 


2.13 


2.13 


2.13 


2.13 


2.13 


2.12 


2.13 


2.13 


2.12 


2.13 


2.12 


2.12 


2.13 


2.12 


2.12 


2.12 


2.12 


2.12 


2.12 


2.10 


2.12 


2.12 


2.10 


2.12 


2.10 



D. 1". 



O08. 



9-856 934 
.856812 
.856690 
.856 568 
.856446 

9856 323 
.856 201 
.856078 
•855 956 
.855 ^33 

9.855 711 
.855 588 
.855 465 
•855 342 
.855 219 

9.855 096 

•854 973 
.854 850 

.854 727 

.854 603 

9.854 480 
.854 356 

.854 233 
.854 109 

.853 986 

9.853 862 

.853 738 
.853614 

•853 490 
.853 366 

9.853 242 
.853118 
.852 994 
.852 869 
.852 745 

9.852 620 
.852 496 
.852371 
.852 247 
.852 122 

9.851997 
.851 872 

•851 747 
.851 622 

.851 497 

9.851 372 
.851 246 
.851 121 
.850 996 
.850 870 

9.850 745 
.850 619 
.850 493 
.850 368 
.850 242 

9.850 116 
.849 990 
.849 864 
.849 738 
.849 61 1 

9.849 485 

Sin. 



D. 1". 



2.03 
2.03 
2.03 
2.03 
2.05 

2.03 
2.05 
2.03 
2.05 
2.03 

2.05 
2.05 
2.05 
2.05 
2.05 

2.05 
2.05 
2.05 
2.07 
2.05 

2.07 
2.05 
2.07 
2.05 
2.07 

2.07 
2.07 
2.07 
2.07 
2.07 

2.07 
2.07 
2.08 
2.07 
2.08 

2.07 
2.08 
2.07 
2.08 
2.08 

2.08 
2.08 
2.08 
2.08 
2.08 

2.10 
2.08 
2.08 
2.10 
2.08 

2.10 
2.10 
2.08 
2.10 
2.10 

2.10 
2.10 
2.10 
2.12 
2.10 

i D. 1^ 

46^ 



Tan. 



9.984 837 
.985 090 

.985 343 
•985 596 
.985 848 

9.986 lOI 
.986 354 
.986 607 
.986 860 
.987 112 

9987 365 
.987618 

.987871 

.988 123 

.988 376 

9.988 629 
.988 882 
.989 134 

•989 387 
.989 640 

9.989 893 
.990 145 
.990 398 
.990651 
.990 903 

9.991 156 
.991 409 
.991 662 
.991 914 
.992 167 

9.992 420 
.992 672 
.992 925 
•993178 
•993431 

9^993 683 
•993 936 
•994 189 
•994 441 
•994 694 

9.994 947 

•995 199 
.995 452 
•995 705 
•995 957 
9.996 210 
.996 463 
.996715 
.996 968 
.997 221 

9^997 473 
•997 726 

•997 979 
.998 231 

.998 484 

9.998 737 
.998 989 
.999 242 

.999 495 

.999 747 

0.000000 

Cot. 



D. 1". 



4.22 
4.22 
4.22 
4.20 
4.22 

4.22 
4.22 
4.22 
4.20 
4.22 

4.22 
4.22 
4.20 
4.22 
4.22 

4.22 
4.20 
4.22 
4.22 
4.22 

4.20 
4.22 
4.22 
4.20 
4.22 

4.22 
4.22 
4.20 
4.22 
4.22 

4.20 
4.22 
4.22 
4.22 
4.20 

4.22 
4.22 
4.20 
4.22 
4.22 

4.20 
4.22 
4.22 
4.20 
4.22 

4.22 
4.20 
4.22 
4.22 
4.20 

4.22 
4.22 
4.20 
4.22 
4.22 

4.20 
4.22 
4.22 
4.20 
4.22 

D. 1". 



Got. 



0.015 '63 
.014910 
.014 657 
.014 404 
.014 152 

0.013899 
.013646 

.013393 
.013 140 

.012888 

0.012635 
.012 382 
.012 129 
.01 1 877 
.01 1 624 

o.oii 371 
.oil 118 
.010 866 
.010613 
.010 360 

o.oio 107 
.009855 
.009602 

•009349 
.009097 

0.008 844 
.008591 
.008 338 
.008 086 
.007 833 

0.007 580 
.007 328 
.007 075 
.006822 
.006569 

0.006317 
.006064 
.005 811 
.005 559 
.005 306 

0.005 053 
.004801 
.004 548 
.004 295 
.004 043 

0.003 790 

•003 537 
.003285 
.003 032 
.002 779 

0.002 527 
.002*274 
.002021 
.001 769 
.001 516 

0.00 1 263 
.001 01 1 
.000758 
.000505 
.000253 

0.000000 
Tan. 



60 

59 
58 
57 
56 

55 
54 
53 
52 
51 
50 

49 
48 

47 
46 

45 
44 
43 
42 
41 
40 

39 
38 
37 
36 

35 
34 
33 
32 
31 
30 

29 
a8 

27 
a6 

25 

24 

23 
aa 

az 

ao 

19 
z8 

17 
z6 

15 

14 

13 
za 

zz 
zo 

9 
8 

7 
6 

5 

4 

3 

a 

z 



H. 



A TABLE 



OF THE 



NATURAL SINES, COSINES, TANGENTS, 

AND COTANGENTS, 



FOR EVERY 



» DEGREE AND MINUTE FROM 0° TO 90". 



64 NATURAL SINES, COSINES, TANGENTS, AND COTANGENTS. 

QO 10 2° 



M. 
o 


Sin. Cos. Tan. Got. 


Sin. Gos. Tan. Got. 


Sin. Gob. Tan. Got. 




.00000 i.oooo .00000 00 


.01745 99985 .01746 57-290 


.03490 .99939 .03492 28.636 


60 


I 


029 000 029 3437-7 


774 984 775 56-351 


519 938 521 .399 


59 


2 


058 000 058 1 718.9 


803 984 804 55.442 


548 937 550 -166 


58 


3 


087 000 087 1145.9 


832 983 833 54.561 


577 936 579 27.937 


57 


4 


116 000 116859.44 


862 983 862 53.709 


606 935 609 .712 


56 


5 


.00145 I'OOOO .00145 ^7-55 


.01891 .99982 .01891 52.882 


-03635 -99934 -03638 27.490 


55 


6 


175 000 175 572.96 


920 982 920 .081 


664 933 667 .271 


54 


7 


204 000 204 491. II 


949 981 949 51303 


693 932 696 .057 


53 


8 


233 000 233 429.72 


978 980 978 50-549 


723 931 725 26.845 


52 


9 


262 000 262 381.97 


.02007 980 .02007 49.816 


752 930 754 -637 


51 


10 


.00291 I.oooo .00291 343.77 


.02036 .99979 .02036 49.104 


.03781 .99929 .03783 26.432 


50 


II 


320 .99999 320 312.52 


065 979 06648.412 


810 927 812 .230 


49 


12 


349 999 349 286.48 


094 978 095 47.740 


839 926 842 .031 


48 


13 


378 999 378 264.44 


123 977 124 .085 


868 925 871 25.835 


47 


14 


407 999 407 245.55 


152 977 »53 46.449 


897 924 900 .642 


46 


15 


.00436 .99999 -00436 229.18 


.02181 .99976 .02182 45.829 


-03926 .99923 .03929 25.452 


45 


i6 


465 999 465 214.86 


211 976 211 .226 


955 922 958 .264 


44 


17 


495 999 495 202.22 


240 975 240 44.639 


984 921 987 .080 


43 


i8 


524 999 524 190.98 


269 974 269 .066 


.04013 919 .04016 24.898 


42 


19 


553 998 553 180.93 


298 974 298 43-508 


042 918 046 .719 


41 


20 


.00582 .99998 .00582 171.89 


.02327 .99973 .02328 42.964 


.04071 .99917 .04075 24.542 


40 


21 


611 998 611 163.70 


356 972 357 .433 


100 916 104 .368 


39 


22 


640 998 640 156.26 


385 972 38641.916 


129 915 133 .196 


38 


23 


669 998 669 149.47 


414 971 415 .411 


159 913 162 .026 


37 


24 


698 998 698 143.24 


443 970 44440.917 


188 912 191 23.859 


36 


25 


.00727 .99997 .00727 137.51 


.02472 .99969 .02473 40.436 


.04217 .99911 .04220 23.695 


35 


26 


756 997 756 132.22 


501 969 502 39.965 


246 910 250 .532 


34 


27 


785 997 785 127.32 


530 968 531 .506 


275 909 279 .372 


33 


28 


814 997 815 122.77 


560 967 560 .057 


304 907 308 .214 


32 


29 


844 996 844 118.54 


589 966 589 38.618 


333 906 337 058 


31 


30 


.00873 .99996 .00873 114.59 


.02618 .99966 .02619 38.188 


.04362 .99905 .04366 22.904 


30 


31 


902 996 902 110.89 


647 965 648 37.769 


391 904 395 .752 


29 


32 


931 996 93 J 107.43 


676 964 677 .358 


420 902 424 .602 


28 


33 


960 995 960 104.17 


705 963 706 36.956 


449 901 454 -454 


27 


34 


989 995 989 loi.ii 


734 963 735 -563 


478 900 483 .308 


26 


35 


.01018 .99995 .01018 98.218 


.02763 .99962 .02764 36.178 


.04507 .99898 .04512 22.164 


25 


36 


047 995 047 95.489 


792 961 793 35.801 


536 897 541 .022 


24 


37 


076 994 076 92.908 


821 960 822 .431 


565 896 570 21.881 


23 


38 


105 994 105 90.463 


850 959 851 .070 


594 894 599 .743 


22 


39 


134 994 135 88.144 


879 959 881 34.715 


623 893 628 .606 


21 


40 


.01164 -99993 .01164 85.940 


.02908 .99958 .02910 34.368 


.04653 .99892 .04658 21.470 


20 


41 


193 993 193 83.844 


938 957 939 027 


682 890 687 .337 


19 


42 


222 993 222 81.847 


967 956 968 33.694 


711 889 716 .205 


18 


43 


251 992 251 79.943 
280 992 280 78.126 


996 955 997 366 


740 888 745 .075 


17 


44 


.03025 954 .03026 .045 


769 886 774 20.946 


16 


45 


.01309 .99991 .01309 76.390 


-03054 .99953 -03055 32.730 


.04798 .99885 .04803 20.819 


15 


46 


338 991 338 74.729 


083 952 084 .421 


827 883 833 .693 


14 


47 


367 991 367 73.139 


112 952 114 .118 


856 882 862 .569 


13 


48 


396 990 396 71.615 


141 951 143 31.821 


. 885 881 891 .446 


12 


49 


425 990 425 70.153 


170 950 172 .528 


914 879 920 .325 


II 


50 


.01454 .99989 .01455 68.750 


-03199 -99949 03201 31.242 


.04943 .99878 .04949 20.206 


10 


51 


483 989 484 67.402 


228 948 230 30.960 


972 876 978 .087 


9 


52 


513 989 513 66.105 


257 947 259 .683 


.05001 875 .05007 19.970 


8 


53 


542 988 542 64.858 


286 946 288 .412 


030 873 037 .855 


7 


54 


571 988 571 63.657 


316 945 317 ^ -145 


059 872 066 .740 


6 


55 


.01600 .99987 .01600 62.499 


-03345 -99944 03346 29.882 


.05088 .99870 .05095 19.627 


5 


56 


629 987 629 61.383 


374 943 376 -624 


117 869 124 .516 


4 


57 


658 986 658 60.306 


403 942 405 .371 


146 867 153 .405 


3 


58 


687 986 687 59.266 


432 941 434 .122 


175 866 182 .296 


2 


59 


716 985 716 58.261 


461 940 463 28.877 


205 864 212 .188 


I 


60 


.01745 .99985 .01746 57.290 


-03490 -99939 -03492 28.636 


.05234 .99863 .05241 19.081 




M. 


GoBi Sin. Got. Tan. 


Gos. Sin. Got. Tan. 


Gob. Sin. Got. Tan. 



89° 



S8P 



87° 
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30 40 50 



M. 



Sin. O08. Tan. Got. 


Sin. Gos. Tan. Got. 


Sin. Gos. Tan. Got. 


60 


.05234 .99863 .05241 19.081 


.06976 .99756 .06993 14.301 


.08716 .99619 .08749 11.430 


I 


263 861 270 18.976 


.07005 754 .07022 .241 


745 617 778 .392 


59 


2 


292 860 299 .871 


034 752 051 .182 


774 614 807 .354 


58 


3 


321 858 328 .768 


063 750 080 .124 


803 612 837 .316 


57 


4 


350 857 357 .666 


092 748 110 .065 


831 609 8b6 .279 


56 


5 


.05379 .99855 -05387 18-564 


.07121 .99746 .07139 14.008 


.08860 .99607 .08895 11.242 


55 


6 


408 854 416 .464 


150 744 168 13.951 


889 604 925 .205 


54 


7 


437 852 445 .366 


179 742 197 .894 


918 602 954 .168 


53 


8 


466 851 474 .268 


208 740 227 .838 


947 599 983 .132 


52 


9 


495 849 503 .171 


237 738 256 .782 


976 596 .09013 .095 


51 


10 


.05524 .99847 .05533 18.075 


.07266 .99736 .07285 13.727 


•09005 .99594 .09042 11.059 


50 


II 


553 846 562 17.980 


295 734 314 .672 


034 59" 071 .024 


49 


12 


582 844 591 .886 


324 731 344 .617 


063 588 101 10.988 


48 


13 


611 842 620 .793 


353 729 373 -563 


092 586 130 .953 


47 


14 


640 841 649 .702 


382 727 402 .510 


121 583 159 .918 


46 


15 


.05669 .99839 .05678 1 7.61 1 


.07411 .99725.07431 13.457 


.09150 .99580 .09189 10.883 


45 


16 


698 838 708 .521 


440 723 461 .404 


179 578 218 .848 


44 


17 


727 836 737 .431 


469 721 490 .352 


208 575 247 .814 


43 


18 


756 834 766 .343 


498 719 519 -300 


237 572 277 .780 


42 


19 


785 833 795 .256 


527 716 548 .248 


266 570 306 .746 


41 


20 


.05814 .99831 .05824 17.169 


.07556 .99714 -07578 13-197 


.09295 .99567 .09335 10.712 


40 


21 


844 829 854 .084 


585 712 607 .146 


324 564 365 -678 


39 


22 


873 827 883 16.999 


614 710 636 .096 


353 562 394 .645 


38 


23 


902 826 912 .915 


643 708 665 .046 


382 559 423 .612 


37 


24 


931 824 941 .832 


672 705 695 12.996 


411 556 453 -579 


36 


25 


.05960 .99822 .05970 16.750 


.07701 .99703 .07724 12.947 


.09440 .99553 .09482 10.546 


35 


26 


989 821 999 .668 


730 701 753 -898 


469 551 5" 'SH 


34 


27 


.06018 819 .06029 .587 


759 699 782 .850 


493 548 541 -481 


33 


28 


047 817 058 .507 


788 696 812 .801 


527 545 570 449 


32 


29 


076 815 087 .428 


817 694 841 .754 


556 542 600 417 


31 


30 


.06105 -99813 .06116 16.350 


.07846 .99692 .07870 12.706 


-09585 -99540 .09629 10.385 


30 


31 


134 812 145 .272 


875 689 899 .659 


614 537 658 .354 


29 


32 


163 810 175 .195 


904 687 929 .612 


642 534 688 .322 


28 


33 


192 808 204 .119 


933 685 958 .566 


671 531 717 -291 


27 


34 


221 806 233 .043 


962 683 987 .520 


700 528 746 .260 


26 


35 


.06250 .99804 .06262 15.969 


.07991 .99680 .08017 12474 


.09729 .99526 .09776 10.229 


25 


36 


279 803 291 .895 


.08020 678 046 .429 


758 523 805 .199 


24 


37 


308 801 321 .821 


049 676 075 .384 


787 520 834 .168 


23 


38 


337 799 350 .748 


078 673 104 .339 


816 517 864 .138 


22 


39 


366 797 379 .676 


107 671 134 .295 


845 514 893 .108 


21 


40 


06395 .99795 .06408 15.605 


.08136 .99668 .08163 12.251 


.09874 .9951 1 .09923 10.078 


20 


41 


424 793 438 .534 


165 666 192 .207 


903 508 952 .048 


19 


42 


453 792 467 -464 


194 664 221 .163 


932 506 981 .019 


18 


43 


482 790 496 .394 


223 661 251 .120 


961 503.10011 9.9893 


17 


44 


511 788 525 .325 


252 659 280 .077 


990 500 040 .9601 


16 


45 


.06540 .99786 .06554 15.257 


.08281 .99657 .08309 12.035 


.10019 .99497 .10069 9.9310 


15 


46 


569 784 584 .189 


310 654 339 11.992 


048 494 099 .9021 


14 


47 


598 782 613 .122 


339 652 368 .950 


077 491 128 .8734 


13 


48 


627 780 642 .056 


368 649 397 .909 


106 488 158 .8448 


12 


49 


656 778 671 14.990 


397 647 427 -867 


135 485 187 .8164 


II 


50 


.06685 -99776 .06700 14.924 


.08426 .99644 .08456 11.826 


.10164 .99482 .10216 9.7882 


10 


51 


714 774 730 .860 


455 642 485 .785 


192 479 246 .7601 


9 


52 


743 772 759 -795 


484 639 514 .745 


221 476 275 .7322 


8 


53 


773 770 788 .732 


513 637 544 .705 


250 473 305 .7044 


7 


54 


802 768 817 .669 


542 635 573 .664 


279 470 334 .6768 


6 


55 


.06831 .99766 .06847 14.606 


.08571 .99632 .08602 11.625 


.10308 .99467 .10363 9.6493 


5 


56 


860 764 876 .544 


600 630 632 .585 


337 464 393 .6220 


4 


57 


889 762 905 .482 


629 627 661 .546 


366 461 422 .5949 


3 


58 


918 760 934 421 


658 625 690 .507 


395 458 452 .5679 


2 


59 


947 758 963 .361 


687 622 720 468 


424 455 481 54" 


I 


60 


.06976 .99756 .06993 14.301 


.08716 .99619 .08749 11.430 


.10453.99452.105109.5144 





O08. Sin. Got. Tan. 


Gos. Sin. Got. Tan. 


Gos. Sin. Got. Tan. 


H. 



86° 



850 



84° 
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60 70 OP 



M. 



Sin. O08. Tan. Got. 


Sin. G08. Tan. Got. 


Sin. Gos. Tan. Got. 


60 


•10453 99452 10510 9.5144 


.12187 99255 .12278 8.1443 


.13917.99027 .140547.1154 


I 


482 449 540 .4878 


216 251 308 .1248 


946 023 084 .1004 


59 


2 


511 446 569 .4614 


245 248 338 .1054 


975 019 n3 .0855 


58 


3 


540 443 599 .4352 


274 244 367 .0860 


.14004 015 143 .0706 


57 


4 


569 440 628 .4090 


302 240 397 .0667 


033 on 173 .0558 


56 


5 


.10597 .99437 .10657 9.3831 


.12331 .99237 .12426 8.0476 


.14061 .99006 .14202 7.0410 


55 


6 


626 434 687 .3572 


360 233 456 .0285 


090 002 232 .0264 


54 


7 


^55 431 7>6 .3315 


389 230 485 .0095 


119 .98998 262 .0117 


53 


8 


684 428 746 .3060 


418 226 515 7.9906 


148 994 291 6.9972 


52 


9 


713 424 775 .2806 


447 222 544 .9718 


177 990 321 .9827 


51 


10 


.10742 .99421 .10805 92553 


-12476 .99219 .12574 7.9530 


.14205 .98986 .14351 6.9682 


50 


ii 


771 418 834 .2302 


504 215 603 .9344 


234 982 381 .9538 


49 


12 


800 415 863 .2052 


533 211 633 .9158 


263 978 410 .9395 


48 


13 


829 412 893 .1803 


562 208 662 .8973 


292 973 440 .9252 


47 


14 


858 409 922 .1555 


591 204 692 .8789 


320 969 470 .9110 


46 


15 


.10887 -99406 .10952 9.1309 


.12620 .99200 .12722 7.8606 


.14349 .98965 .14499 6.8969 


45 


16 


916 402 981 .1065 


649 197 751 -8424 


378 961 529 .8828 


44 


17 


945 399 •! ion .0821 


678 193 781 .8243 


407 957 559 -8687 


43 


18 


973 396 040 .0579 


706 189 810 .8062 


436 953 588 .8548 


42 


19 


.11002 393 070 .0338 


735 186 840 .7882 


464 948 618 .8408 


41 


20 


.11031 .99390 .11099 9.0098 


.12764 .99182 .12869 77704 


.14493 .98944 .14648 6.8269 


40 


21 


060 386 128 8.9860 


793 >78 899 .7525 


522 940 678 .8131 


39 


22 


089 383 158 .9623 


822 175 929 .7348 


551 936 707 .7994 


38 


23 


118 380 187 .9387 


851 171 958 .7171 
880 167 988 .6996 


580 931 737 .7856 


37 


24 


147 377 217 -9152 


608 927 767 .7720 


36 


25 


.11176 .99374 .11246 8.8919 


.12908 .99163 .13017 7.6821 


.14637 .98923 .14796 6.7584 


35 


26 


205 370 276 .8686 


937 160 047 .6647 


666 919 826 .7448 


34 


27 


234 367 305 -8455 


966 156 076 .6473 


695 914 856 .7313 


33 


28 


263 364 335 .8225 


995 152 106 .6301 


723 910 886 .7179 


32 


29 


291 360 364 .7996 


.13024 148 136 .6129 


752 906 915 .7045 


31 


30 


.11320.99357 .113948.7769 


•13053 -99144 .13165 7.5958 


.14781 .98902 .14945 6.6912 


30 


31 


349 354 423 7542 


081 141 195 -5787 


810 897 975 .6779 


29 


32 


378 351 452 .7317 


no 137 224 .5618 


838 893 .15005 .6646 


28 


33 


407 347 4S2 .7093 


139 133 254 .5449 


867 889 034 .6514 


27 


34 


436 344 511 .6870 


168 129 284 .5281 


896 884 064 .6383 


26 


35 


.11465 .99341 .11541 8.6648 


.13197 .99125 .133137.5113 


.14925 .98880 .15094 6.6252 


25 


36 


494 337 570 .6427 


226 122 343 .4947 


954 876 124 .6122 


24 


37 


523 334 600 .6208 


254 118 372 .4781 


982 871 153 .5992 


23 


38 


552 331 629 .5989 


283 114 402 .4615 


.i5on 867 183 .5863 


22 


39 


580 327 659 .5772 


312 no 432 .4451 


040 863 213 .5734 


21 


40 


.11609 -99324 -11688 8.5555 


.13341 .99106 .13461 7.4287 


.15069 .98858 .15243 6.5606 


20 


41 


638 320 718 .5340 


370 102 491 .4124 


097 854 272 .5478 


19 


42 


667 317 747 5126 


399 098 521 .3962 


126 849 302 .5350 


18 


43 


696 314 777 -4913 


427 094 550 .3800 


155 845 332 -5223 


17 


44 


725 310 806 .4701 


456 091 580 .3639 


184 841 362 .5097 


16 


45 


•"754 99307 .11836 8.4490 


.13485 .99087 .13609 7.3479 


.15212 .98836 .15391 64971 


15 


46 


783 303 865 .4280 


514 083 639 .3319 


241 832 421 .4846 


14 


47 


812 300 895 .4071 


543 079 669 .3160 


270 827 451 .4721 


13 


48 


840 297 924 .3863 


572 075 698 .3002 


299 823 481 .4596 


12 


49 


869 293 954 .3656 


600 071 728 .2844 


327 818 5n .4472 


II 


50 


.11898 .99290 .11983 8.3450 


.13629 .99067 .13758 7.2687 


.15356 .98814 .15540 6.4348 


10 


51 


927 286 .12013 .3245 


658 063 787 .2531 


385 809 570 .4225 


9 


52 


956 283 042 .3041 


687 059 817 .2375 


414 805 600 .4103 


8 


53 


985 279 072 .2838 


716 055 846 .2220 


442 800 630 .3980 


7 


54 


.12014 276 loi .2636 


744 051 876 .2066 


471 796 660 .3859 


6 


55 


.12043 .99272 .12131 8.2434 


•13773 .99047 -139067.1912 


.15500 .98791 .15689 6.3737 


5 


56 


071 269 160 .2234 


802 043 935 .1759 


529 787 719 .3617 


4 


57 


100 265 190 .2035 


831 039 965 .1607 


557 782 749 .3496 


3 


58 


129 262 219 .1837 


860 035 995 .1455 


586 778 779 .3376 


2 


59 


158 258 249 .1640 


889 031 .14024 .1304 


615 773 809 .3257 


I 


60 


.12187 .99255 .12278 8.1443 


.13917.99027 .14054 7.n54 


.15643 .98769 .15838 6.3138 




M. 


Cos. Sin. Got. Tan. 


Gos. Sin. Got. Tan. 


Gos. Sin. Got. Tan. 



83° 



82^ 



8P 



NATURAL SINES, COSINES, TANGENTS, AND COTANGENTS. 
9° 10° 11° 



67 



M. 
o 


Sin. O08. Tan. Cot. 


Sin. OoB. Tan. Got. 


Sin. Gos. Tan. Cot. 


60 


.15643 .98769 .15838 6.3138 


.17365 .98481 .176335.6713 


.19081 .98163 .19438 5.1446 


I 


672 764 868 .3019 


393 476 663 .6617 


109 157 468 .1366 


59 


2 


701 760 898 .2901 


422 471 693 .6521 


138 152 498 .1286 


58 


3 


730 755 928 .2783 


451 466 723 .6425 


167 146 529 .1207 


57 


4 


758 75" 958 .2666 


479 461 753 .6329 


195 140 559 .1128 


56 


5 


•15787 98746 .15988 6.2549 


.17508 .98455 .17783 5.6234 


.19224 .98135 .19589 5.'049 


55 


6 


816 741 .16017 .2432 


537 450 813 .6140 


252 129 619 .0970 


54 


7 


845 737 047 .2316 


565 445 843 .6045 


281 124 649 .0892 


53 


8 


873 732 077 .22CX) 


594 440 873 .5951 


309 118 680 .0814 


52 


9 


902 728 107 .2085 


623 435 903 -5857 


338 112 710 .0736 


51 


lO 


•15931 .98723 .161376.1970 


.17651 .98430-179335.5764 


.19366 .98107 .19740 5.0658 


50 


II 


959 718 167 .1856 


680 425 963 .5671 


395 loi 770 .0581 


49 


12 


988 714 196 .1742 


708 420 993 .5578 


423 096 801 .0504 


48 


13 


.16017 709 226 .1628 


737 414.18023 .5485 


452 090 831 .0427 


47 


14 


046 704 256 .1515 


766 409 053 .5393 


481 084 861 .0350 


46 


15 


.16074 .98700 .16286 6.1402 


.17794 .98404 .18083 5.5301 


.19509 .98079 .19891 5.0273 


45 


i6 


103 695 316 .1290 


823 399 "3 .5209 


538 073 921 .0197 


44 


17 


132 690 346 .1178 


852 394 143 .5118 


566 067 952 .0121 


43 


i8 


160 686 376 .1066 


880 389 173 .5026 


595 061 982 .0045 


42 


19 


189 681 405 .0955 


909 383 203 .4936 


623 056 .20012 4.9969 


41 


20 


.16218 .98676 .16435 6.0844 


•17937 98378 .18233 5.4845 


.19652 .98050 .20042 4.9894 


40 


21 


246 671 465 .0734 


966 373 263 .4755 


680 044 073 .9819 


39 


22 


275 667 495 .0624 


995 368 293 .4665 


709 039 103 .9744 


38 


23 


304 662 525 .0514 


.18023 362 323 .4575 


737 033 133 .9669 


37 


24 


333 657 555 .0405 


052 357 353 .4486 


766 027 164 .9594 


36 


25 


.16361 .98652 .16585 6.0296 


.18081 .98352 .18384 5.4397 


.19794 .98021 .20194 4.9520 


35 


26 


390 648 615 .0188 


109 347 414 .4308 


823 016 224 .9446 


34 


27 


419 643 645 .0080 


138 341 444 .4219 


851 010 254 .9372 
880 004 285 .9298 


33 


28 


447 638 674 5.9972 


166 336 474 .4131 


32 


29 


476 633 704 .9865 


195 331 504 .4043 


908.97998 315 -9225 


31 


30 


.16505 .98629 .16734 5.9758 


.18224 .98325 .18534 5.3955 


.19937 .97992 .20345 4.9152 


30 


31 


533 624 764 .9651 


252 320 564 .3868 


965 987 376 .9078 


29 


32 


562 619 794 .9545 


281 315 594 .3781 


994 981 406 .9006. 


28 


33 


591 614 824 .9439 


309 310 624 .3694 


.20022 975 436 .8933 


27 


34 


620 609 854 .9333 


338 304 654 .3607 


051 969 466 .8860 


26 


35 


.16648 .98604 .16884 5.9228 


.18367 .98299 .18684 5.3521 


.20079 .97963 .20497 4.8788 


25 


36 


677 600 914 .9124 


395 294 714 .3435 


108 958 527 .8716 


24 


37 


706 595 944 .9019 


424 288 745 .3349 


136 952 557 .8644 


23 


38 


734 590 974 -8915 


452 283 775 .3263 


165 946 588 .8573 


22 


39 


763 585 .17004 .8811 


481 277 805 .3178 


193 940 618 .8501 


21 


40 


.16792 .98580 .17033 5.8708 


.18509 .98272 .18835 53093 


.20222 .97934 .20648 4.8430 


20 


41 


820 575 063 .8605 


538 267 865 .3008 


250 928 679 .8359 


19 


42 


849 570 093 .8502 


567 261 895 .2924 


279 922 709 .8288 


18 


43 


878 565 123 .8400 


595 256 925 .2839 


307 916 739 .8218 


17 


44 


906 561 153 .8298 


624 250 955 .2755 


336 910 770 .8147 


16 


45 


.16935 .98556 .17183 58197 


.18652 .98245 .18986 5.2672 


.20364 .97905 .20800 4.8077 


15 


46 


964 551 213 .8095 


681 240 .19016 .2588 


393 899 830 .8007 


14 


47 


992 546 243 .7994 


710 234 046 .2505 


421 893 861 .7937 


13 


48 


.17021 541 273 .7894 


738 229 076 .2422 


450 887 891 .7867 


12 


49 


050 536 303 .7794 


767 223 106 .2339 


478 881 921 .7798 


II 


50 


.17078.98531 .173335-7694 


.18795 .98218 .19136 5-2257 


•20507 .97875 .20952 4.7729 


10 


51 


107 526 363 .7594 


824 212 166 .2174 


535 869 982 .7659 


9 


52 


136 521 393 -7495 


852 207 197 .2092 


563 863 .21013 .7591 


8 


53 


164 516 423 .7396 


881 201 227 .2011 


592 857 043 .7522 


7 


54 


193 5^1 453 -7297 


910 196 257 .1929 


620 851 073 .7453 


6 


55 


.17222 .98506 .17483 5.7199 


.18938 .98190 .19287 5.1848 


.20649 .97845 .211044.7385 


5 


56 


250 501 513 .7101 


967 185 317 .1767 


677 839 134 .7317 


4 


57 


279 496 543 7004 


995 179 347 .1686 


706 833 164 .7249 


3 


58 


308 491 573 .6906 


.19024 174 378 .1606 


734 827 195 .7181 


2 


59 


336 486 603 .6809 


052 168 408 .1526 


763 821 225 .7114 


I 


60 


•17365 .98481 .17633 5.6713 


.19081 .98163 .19438 5.1446 


.20791 .97815 .21256 4.7046 




M. 


Oos. Sin. Got. Tan. 


Cos. Sin. Got. Tan, 


Gos. Sin. Got. Tan. 



80° 



79^ 



78° 



68 NATURAL SINES, COSINES, TANGENTS, AND COTANGENTS. 

12^ 130 140 



M. 



Sin. Cos. Tan. Got. 


Sin. Gob. Tan. Got. 


Sin. G08. Tan. Got. 


60 


.20791 .97815 .212564.7046 


.22495 -97437 23087 4.3315 


.24192 .97030 .24933 4-0108 


I 


820 809 286 .6979 


523 430 117 .3257 


220^ 023 964 .0058 


59 


2 


848 803 316 .6912 


552 424 148 .3200 


249_ ^ 015 995 .0009 


58 


3 


877 797 347 -6845 


580 417 179 .3143 


277 008 .25026 3.9959 


57 


4 


905 791 377 -6779 


608 411 209 .3086 


305 001 056 .9910 


56 


5 


.20933 -97784 .21408 4.6712 


.22637 -97404 .23240 4.3029 


-24333 -96994 .25087 3.9861 


55 


6 


962 778 438 .6646 


665 398 271 .2972 


362 987 118 .9812 


54 


7 


990 772 469 .6580 


693 39" 301 .2916 


390 980 149 .9763 


53 


8 


.21019 766 499 .6514 


722 384 332 .2859 


418 973 180 .9714 


52 


9 


047 760 529 .6448 


750 378 363 .2803 


446 966 211 .9665 


51 


10 


.21076 .97754 .21560 4.6382 


-22778 .9737 » 23393 4.2747 


.24474 .96959 .25242 3.9617 


50 


II 


104 748 590 .6317 


807 365 424 .2691 


503 952 273 .9568 


49 


12 


132 742 621 .6252 


835 358 455 -2635 


531 945 304 .9520 


48 


13 


161 735 651 .6187 


863 351 485 .2580 


559 937 335 -9471 


47 


14 


189 729 682 .6122 


892 345 516 .2524 


587 930 366 .9423 


46 


15 


.21218 .97723 .21712 4.6057 


.22920 .97338 .23547 4.2468 


.24615 .96923 .25397 3.9375 


45 


16 


246 717 743 .5993 


948 331 578 .2413 


644 916 428 .9327 


44 


17 


275 7" 773 .5928 


977 325 608 .2358 


672 909 459 -9279 


43 


18 


303 705 804 .5864 


.23005 318 639 .2303 


700 902 490 .9232 


42 


19 


331 698 834 .5800 


033 3" 670 .2248 


728 894 521 .9184 


41 


20 


.21360 .97692 .21864 4-5736 


.23062 .97304 23700 4-2193 


.24756 .96887 .25552 3.9136 


40 


21 


388 686 895 .5673 


090 298 731 .2139 


784 880 583 .9089 


39 


22 


417 680 925 .5609 


118 291 762 .2084 


813 873 614 .9042 


38 


23 


445 673 956 .5546 


146 284 793 .2030 


841 866 645 .8995 


37 


24 


474 667 986 .5483 


175 278 823 .1976 


869 858 676 .8947 


36 


25 


.21502 .97661 .22017 45420 


.23203 .97271 .238544.1922 


.24897 .96851 .25707 3.8900 


35 


26 


530 655 047 .5357 


231. 264 885 .1868 


925 844 738 .8854 


34 


27 


559 648 078 .5294 


260 257 916 .1814 


954 837 769 .8807 


33 


28 


587 642 108 .5232 


288 251 946 .1760 


982 829 800 .8760 


32 


29 


616 636 139 .5169 


316 244 977 .1706 


.25010 822 831 .8714 


31 


30 


.21644 .97630 .22169 4.5107 


•23345 -97237 -24008 4.1653 


.25038 .96815 .25862 3.8667 


30 


31 


672 623 200 .5045 


373 230 039 .1600 


066 807 893 .8621 


29 


32 


. 701 617 231 .4983 


401 223 069 .1547 


094 800 924 .8575 


28 


33 


729 611 261 .4922 


429 217 100 .1493 


122 793 955 .8528 


27 


34 


758 604 292 .4860 


458 210 131 .1441 


151 786 986 .8482 


26 


35 


.21786 .97598 .22322 4.4799 


.23486 .97203 .2416J2 4.1388 


•25179 .96778 .26017 3.8436 


25 


36 


814 592 353 .4737 


514- 196 193 .1335 


207 771 048 .8391 


24 


37 


843 585 383 -4676 


542 189 223 .1282 


235 764 079 .8345 


23 


38 


871 579 414 .4615 


571 182 254 .1230 


263 756 no .8299 


22 


39 


899 573 444 -4555 


599 176 285 .1178 


291 749 141 .8254 


21 


40 


.21928 .97566 .22475 4.4494 


.23627 .97169 .24316 4.1126 


.25320 .96742 .26172 3.8208 


20 


41 


956 560 505 .4434 


656 162 347 .1074 


348 734 203 .8163 


19 


42 


985 553 536 .4373 


684 155 377 .1022 


376 727 235 .8118 


18 


43 


.22013 547 567 -4313 


712 148 408 .0970 


404 719 266 .8073 


17 


44 


041 541 597 -4253 


740 141 439 .0918 


432 712 297 .8028 


16 


45 


.22070 .97534 .22628 4.4194 


.23769 .97134 .24470 4.0867 


.25460 .96705 .26328 3.7983 


15 


46 


098 528 658 .4134 


797 127 501 .0815 


488 697 359 .7938 


14 


47 


126 521 689 .4075 


825 120 532 '.0764 


516 690 390 .7893 


13 


48 


155 5«5 719 .4015 


853 "3 562 .0713 


545 682 421 .7848 


12 


49 


183 508 750 3956 


882 106 593 .0662 


573 675 452 .7804 


II 


50 


.22212 .97502 .22781 4.3897 


.23910 .97100 .24624 4.061 1 


.25601 .96667 .26483 3.7760 


10 


51 


240 496 811 .3838 


938 093 655 .0560 


629 660 515 .7715 


9 


52 


268 489 842 .3779 


q66 086 686 .0509 


657 653 546 .7671 


8 


53 


297 483 872 .3721 


995 079 717 .0459 


685 645 577 .7627 


7 


54 


325 476 903 .3662 


.24023 072 747 .0408 


713 638 608 .7583 


6 


55 


.22353 .97470 .22934 4.3604 


.24051 .97065 .24778 4.0358 


.25741 .96630 .26639 3.7539 


5 


56 


382 463 964 .3546 


079 058 809 .0308 


769 623 670 .7495 


4 


57 


410 457 995 .3488 


108 051 840 .0257 


798 615 701 .7451 
826 608 733 .7408 


3 


58 


438 450.23026 .3430 


136 044 871 .0207 


2 


59 


467 444 056 .3372 


164 037 902 .0158 


854 600 764 .7364 


I 


60 


.22495 -97437 -23087 4-3315 


.24192 .97030 .24933 4.0108 


.25882 .96593 .26795 3.7321 




M. 


G08. Sin. Got. Tan. 


O08. Sin. Got. Tan. 


G08. Sin. Got. Tan. 



77° 



76^ 



75« 



NATURAL SIXES, COSINES, TANGENTS, AND COTANGENTS. 

15° 16° 17° 



69 



M. 
o 


Sin. Cos. Tan. Got. 


Sin. Gos. Tan. Got. 


Sin. Gob. Tan. Got. 


60 


.25882 .96593 .26795 3.7321 


.27564 .96126 .28675 3-4874 


.29237 .95630 .30573 3.2709 


I 


910 5^5 826 .7277 


592 118 706 .4836 


265 622 605 .2675 


59 


2 


938 57« 857 7234 


620 no 738 .4798 


293 613 637 .2641 


58 


3 


966 570 888 .7191 


648 102 769 .4760 


321 605 669 .2607 


57 


4 


994 562 920 .7148 


676 094 801 .4722 


348 596 700 .2573 


56 


5 


.26022 .96555 .26951 3.7105 


.27704 .96086 .28832 3.4684 


•29376 .95588 .30732 3-2539 


55 


6 


050 547 982 .7062 


731 078 864 4646 


404 579 764 .2506 


54 


7 


079 540 .27013 .7019 


759 070 895 .4608 


432 571 796 .2472 


53 


8 


107 532 044 .6976 


787 062 927 4570 


460 562 828 .2438 


52 


9 


135 524 076 .6933 


815 054 958 4533 


487 554 860 .2405 


51 


10 


.26163 .96517 .27107 3.6891 


.27843 .96046 .28990 3.4495 


•29515 -95545 .30891 3.2371 


50 


II 


191 509 138 .6848 


871 037 .29021 .4458 


543 536 923 -2338 


49 


12 


219 502 169 .6806 


899 029 053 .4420 


571 528 955 -2305 


48 


13 


247 494 201 .6764 


927 021 084 .4383 


599 519 987 2272 


47 


14 


275 486 232 .6722 


955 013 116 .4346 


626 511 .31019 .2238 


46 


15 


.26303 .96479 .27263 3.6680 


.27983 .96005 .29147 3.4308 


.29654 .95502 .31051 3.2205 


45 


i6 


331 471 294 .6638 


.28011 .95997 179 .4271 


682 493 083 .2172 


44 


17 


359 463 326 .6596 


039 989 210 4234 


710 485 115 .2139 


43 


i8 


387 456 357 -6554 


067 981 242 .4197 


737 476 147 -2106 


42 


19 


415 448 388 .6512 


095 972 274 .4160 


765 467 178 .2073 


41 


20 


.26443 .96440 -27419 3-6470 


.28123 .95964 .29305 3.4124 


-29793 .95459 .31210 3.2041 


40 


21 


471 433 45' -6429 


150 956 337 .4087 


821 450 242 .200S 


39 


22 


500 425 482 .6387 


178 948 368 .4050 


849 441 274 .1975 


38 


23 


528 417 513 .6346 


206 940 400 .4014 


876 433 306 .1943 


37 


24 


556 410 545 .6305 


234 931 432 .3977 


904 424 338 .1910 


36 


25 


.26584 .96402 .27576 3.6264 


.28262 .95923 -29463 3-394^ 


-29932 .95415 .31370 3.1878 


35 


26 


612 394 607 .6222 


290 915 495 -3904 


960 407 402 .1845 


34 


27 


640 386 638 .6181 


318 907 526 .3868 


987 398 434 -181 3 


33 


28 


668 379 670 .6140 


346 898 558 .3832 


•30015 389 466 .1780 


32 


29 


696 371 701 .6100 


374 890 590 .3796 


043 380 498 .1748 


31 


30 


.26724 .96363 .27732 3.6059 


.28402 .95882 .29621 3.3759 


.30071 .95372-315303-1716 


30 


31 


752 355 764 .6018 


429 874 653 .3723 


098 363 562 .1684 


29 


32 


780 347 795 -5978 


457 865 685 .3687 


126 354 594 .1652 


28 


33 


808 340 826 .5937 


485 857 716 .3652 


154 345 626 .1620 


27 


34 


836 332 858 .5897 


513 849 748 .3616 


182 337 658 .1588 


26 


35 


.26864 .96324 .27889 3.5856 


.28541 ^5841 .29780 3.3580 


.30209 .95328 .31690 3.1556 


25 


36 


892 316 921 .5816 


569 832 811 .3544 


237 319 722 .1524 


24 


37 


920 308 952 .5776 


597 824 843 .3509 


265 310 754 .1492 


23 


38 


948 301 983 .5736 


625 816 875 .3473 


292 301 786 .1460 


22 


39 


976 293 .28015 .5696 


652 807 906 .3438 


320 293 818 .1429 


21 


40 


.27004 .96285 .28046 3.5656 


.28680 .95799 .29938 3.3402^ 


•30348 .95284 .31850 3.1397 


20 


41 


032 277 077 .5616 


708 791 970 -3367, 


376 275 882 .1366 


19 


42 


060 269 109 .5576 


736 782 .30001 .3332 


403 266 914 .1334 


18 


43 


088 261 140 .5536 


764 774 033 .3297 


431 257 946 .1303 


17 


44 


116 253 172 .5497 


792 766 065 .3261 


459 248 978 .1271 


16 


45 


.27144 ,96246 .28203 3.5457 


.28820 .95757 -30097 3-3226 


.30486 .95240 .32010 3.1240 


15 


46 


172 238 234 .5418 


847 749 128 .3191 


514 231 042 .1209 


14 


47 


200 230 266 .5379 


875 740 160 .3156 


542 222 074 .1178 


13 


48 


228 222 297 .5339 


903 732 192 .3122 


570 213 106 .1146 


12 


49 


256 214 329 .5300 


931 724 224 .3087 


597 204 139 .1115 


II 


50 


.27284 .96206 .28360 3.5261 


•28959 .95715 -30255 3-3052 


.30625 .95195 .32171 3.1084 


10 


51 


312 198 391 .5222 


987 707 287 .3017 


653 186 203 .1053 


9 


52 


340 190 423 .5183 


.29015 698 319 .2983 


680 177 235 .1022 


8 


53 


368 182 454 .5144 


042 690 351 .2948 


708 168 267 .0991 


7 


54 


396 174 486 .5105 


070 681 382 .2914 


736 159 299 .0961 


6 


55 


.27424 .96166 .28517 3.5067 


.29098 .95673 .30414 3-2879 


.30763 -95150 .32331 30930 


5 


56 


452 158 549 .5028 


126 664 446 .2845 


791 142 363 .0899 


4 


57 


480 150 580 .4989 


154 656 478 .2811 


.819 133 396 .0868 


3 


58 


508 142 612 .4951 


182 647 509 .2777 


846 124 428 .0838 


2 


59 


536 134 643 .4912 


209 639 541 .2743 


874 115 460 .0807 


I 


60 


.27564 .96126 .28675 3-4874 


•29237 .95630 .30573 3.2709 


.30902 .95106 .32492 3.0777 




M. 


Gos. Sin. Got. Tan. 


Gos. Sin. Got. Tan. 


Gos. Sin. Got. Tan. 



74 



.0 
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70 NATURAL SIXES, COSINES, TANGENTS, AND COTANGENTS. 

18^ 19^ 20° 



M. 
o 


Sin. Oos. Tan. Got. 


Sin. Oos. Tan. Got. 


Sin. Oos. Tan. Got. 




.30902 .95106 .32492 30777 


.32557 .94552 .34433 2.9042 


.34202 .93969 .36397 2.7475 


60 


I 


929 097 524 .0746 


584 542 465 .9015 


229 959 430 .7450 


59 


2 


957 088 556 .0716 


612 533 498 .8987 


257 949 463 .7425 


58 


3 


985 079 588 .0686 


639 523 530 .8960 


284 939 496 .7400 


57 


4 


.31012 070 621 .0655 


667 514 563 .8933 


311 929 529 .7376 


56 


5 


.31040 .95061 .32653 3.0625 


.32694 .94504 .34596 2.8905 


.34339-93919-365622.7351 


55 


6 


068 052 685 .0595 


722 495 628 .8878 


366 909 595 .7326 


54 


7 


095 043 717 0565 


749 485 . 661 .8851 


393 899 628 .7302 


53 


8 


123 033 749 .0535 


777 476 693 .8824 


421 889 661 .7277 


52 


9 


151 024 782 .0505 


804 466 726 .8797 


448 879 694 .7253 


51 


10 


.31178 .95015 -32814 30475 


.32832 .94457 .34758 2.8770 


.34475 .93869 -36727 2.7228 


50 


II 


206 006 846 .0445 


859 447 791 .8743 


503 859 760 .7204 


49 


12 


233.94997 878 .0415 


887 438 824 .8716 


530 849 793 -7179 


48 


13 


261 988 911 .0385 


914 428 856 .8689 


557 839 826 .7155 


47 


14 


289 979 943 .0356 


942 418 889 .8662 


584 829 859 .7130 


46 


15 


.31316 .94970 .32975 3.0326 


.32969 .94409 .34922 2.8636 


.34612 .93819 .36892 2.7106 


45 


i6 


344 961 .33007 .0296 


997 399 954 .8609 


639 809 925 .7082 


44 


17 


372 952 040 .0267 


.33024 390 987 .8582 


666 799 958 .7058 


43 


i8 


399 943 072 .0237 


051 380 .35020 .8556 


694 789 991 -7034 


42 


19 


427 933 104 .0208 


079 370 052 .8529 


721 779 .37024 .7009 


41. 


20 


.31454 .94924 .33136 3.0178 


.33106 .94361 35085 2.8502 


.34748 .93769 .37057 2.6985 


40 


21 


482 915 169 .0149 


134 351 118 .8476 


775 759 090 .6961 


39 


22 


510 906 201 .0120 


161 342 150 .8449 


803 748 123 .6937 


38 


23 


537 897 233 .0090 


189 332 183 .8423 


830 738 157 .6913 


37 


24 


565 888 266 .0061 


216 322 216 .8397 


857 728 190 .6889 


36 


25 


•31593 .94878 .33298 30032 


.33244 .94313 .35248 2.8370 


.34884 .93718 .37223 2.6865 


35 


26 


620 869 330 .0003 


271 303 281 .8344 


912 708 256 .6841 


34 


27 


648 860 363 2.9974 


298 293 314 .8318 


939 698 289 .6818 


33 


28 


675 851 395 .9945 


326 284 346 .8291 


966 688 322 .6794 


32 


29 


703 842 427 .9916 


353 274 379 .8265 


993 677 355 .6770 


31 


30 


.31730 .94832 .33460 2.9887 


.33381 .94264 .35412 2.8239 


.35021 .93667 .37388 2.6746 


30 


31 


758 823 492 .9858 


• 408 254 445 .8213 


048 657 422 .6723 


29 


32 


786 814 524 .9829 


436 245 477 .8187 


075 647 455 .6699 


28 


33 


813 805 557 .9800 


463 235 510 .8161 


102 637 488 .6675 


27 


34 


841 795 589 .9772 


490 225 543 .8135 


130 626 521 .6652 


26 


35 


.31868 .94786 .33621 2.9743 


.33518 .94215 .35576 2.8109 


•35157 .93616 .37554 2.6628 


25 


36 


896 777 654 .9714 


545 206 608 .8083 


184 606 588 .6605 


24 


37 


923 768 686 .9686 


573 196 641 .8057 


211 596 621 .6581 


23 


38 


951 758 718 .9657 


600 186 674 .8032 


239 585 654 .6558 


22 


39 


979 749 751 .9629 


627 176 707 .8006 


266 575 687 .6534 


21 


40 


.32006 .94740 .33783 2.9600 


.33655 .94167 .35740 2.7980 


.35293.93565-377202.6511 


20 


41 


034 730 816 .9572 


682 157 772 .7955 


320 555 754 .6488 


19 


42 


061 721 848 .9544 


710 147 805 .7929 


347 544 787 6464 


18 


43 


089 712 881 .9515 


737 137 838 .7903 


375 534 820 .6441 


17 


44 


116 702 913 .9487 


764 127 871 .7878 


402 524 853 .6418 


16 


45 


.32144 .94693 .33945 2.9459 


.33792.94118.359042.7852 


-35429 .93514 .37887 2.6395 


15 


46 


171 684 978 .9431 


819 108 937 .7827 


456 503 920 .6371 


14 


47 


199 674 .34010 .9403 


846 098 969 .7801 


484 493 953 .6348 


13 


48 


227 665 043 .9375 


874 088 .36002 .7776 


511 483 986 .6325 


12 


49 


254 656 075 .9347 


901 078 035 '.7751 


538 472 .38020 .6302 


II 


50 


.32282 .94646 .34108 2.9319 


•33929 .94068 .36068 2.7725 


.35565 .93462 .38053 2.6279 


10 


51 


309 637 140 .9291 


956 058 loi .7700 


592 452 086 .6256 


9 


52 


337 627 173 .9263 


983 049 134 .7675 


619 441 120 .6233 


8 


53 


364 618 205 .9235 


.340U 039 167 .7650 


647 431 153 .6210 


7 


54 


392 609 238 .9208 


038 029 199 .7625 


674 420 186 .6187 


6 


55 


.32419 .94599 .34270 2,9180 


.34065 .94019 .36232 2.7600 


.35701 .93410 .38220 2.6165 


5 


56 


447 590 303 .9152 


093 009 265 .7575 


728 400 253 .6142 


4 


57 


474 580 335 .9125 


120.93999 298 .7550 


755 389 286 .6119 


3 


58 


502 571 368 .9097 


147 989 331 .7525 


782 379 320 .6096 


2 


59 


529 561 400 .9070 


175 979 364 .7500 


810 368 353 .6074 


I 


60 


•32557 -94552 -34433 2.9042 


.34202 .93969 .36397 2.7475 


-35837 93358 .38386 2.6051 





Oos. Sin. Got. Tan. 


Oos. Sin. Got. Tan. 


Oos. Sin. Got. Tan. 
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NATURAL SINES, COSINES, TANGENTS, AND COTANGENTS. 

2P 220 23^ 



71 



Sin. Oo8. Tan. Got. 



o 

I 

2 

3 
4 

5 
6 

7 
8 

9 

lO 

II 

12 

13 
14 

i6 

17 
i8 

19 

20 
21 
22 

23 
24 

25 
26 

27 

28 

29 

30 
31 
32 

33 
34 

35 
36 

37 
38 

39 

40 

41 

42 

43 
44 

45 
46 

47 
48 

49 

50 
51 
52 
53 
54 

55 
56 

57 
58 

59 

60 



•35837 
864 

891 

918 

945 

•35973 
.36000 

027 

054 
081 

.36108 

135 
162 

190 

217 

.36244 
271 
298 

325 
352 

•36379 
406 

434 
461 

488 

•36515 
542 

569 
596 
623 

■36650 

677 
704 

731 
758 

.36785 
812 

839 
867 

894 

.36921 

948 

975 
.37002 

029 

•37056 
083 
no 

137 
164 

•37191 
218 

245 
272 

299 

.37326 

353 
380 
407 

434 

.37461 



•93358 
348 

337 
327 
316 

.93306 

295 
285 

274 

264 

•93253 

243 
232 

222 

211 

.93201 
190 
180 
169 

159 
.93148 

137 
127 

116 

106 

•93095 
084 

074 
063 

052 

.93042 
031 
020 
010 

.92999 

.92988 
978 
967 
956 
945 

.92935 
924 

913 
902 

892 

.92881 
870 

859 
849 
838 

.92827 
816 
805 

794 
784 

•92773 
762 

751 
740 
729 

.92718 



.38386 
420 

453 

487 
520 

.38553 2 

587 
620 

654 
687 

.38721 2 

754 
787 

821 

854 

.38888 2 

921 

955 
988 

.39022 

.39055 2 
089 

122 

156 

190 

.39223 2 

257 
290 

324 
357 
.39391 2 
425 
458 
492 

526 

•39559 2 

593 
626 

660 

694 

.39727 2 
761 

795 
829 

862 

.39896 2 

930 

963 

997 
.40031 

.40065 2 
098 
132 
166 
200 

.40234 2 
267 
301 

335 
369 



2.6051 
6028 
6006 

5983 
5961 

5938 
5916 

5893 
5871 

5848 

5826 

5804 
5782 

5759 
5737 

5715 

5693 
5671 

5649 
5627 

5605 

5583 
5561 

5539 
5517 

5495 
5473 
5452 
5430 
5408 

5386 
5365 
5343 
5322 
5300 

5279 
5257 
5236 
5214 
5193 
5172 
5150 

5129 
5108 
5086 

5065 

5044 
5023 
5002 
4981 

4960 

4939 
4918 

4897 
4876 

4855 
4834 
4813 
4792 
4772 
.40403 2.4751 



Oos. Sin. Got. Tan. 

68° 



Sin. G08. Tan. Got. 



.37461 
488 

515 

542 

569 

.37595 
622 

649 
676 

703 
•37730 
757 
784 
811 

838 

•37865 
892 
919 
946 
973 

•37999 
.38026 

053 
080 

107 

.38134 
161 

188 

215 

241 

.38268 
295 
322 

349 
376 

•38403 
430 
456 

483 
510 

.38537 
564 

591 
617 

644 

.38671 

698 

725 
752 
778 
.38805 
832 

859 
886 

912 

.38939 
966 

993 
.39020 

046 



.92718 

707 
697 

686 

675 
.92664 

653 

642 

631 
620 

.92609 

598 

587 
576 

565 

•92554 
543 
532 
521 
510 

.92499 
488 

477 
466 

455 
.92444 

432 
421 
410 

399 
.92388 

377 
366 

355 
343 
.92332 
321 
310 

299 
287 

.92276 
265 

254 

243 
231 

.92220 
209 
198 
186 

175 
.92164 
152 
141 
130 
119 

.92107 
096 
085 

073 
062 



.40403 
436 
470 
504 
538 

.40572 
606 
640 

674 

707 

40741 

775 
809 

843 
877 

.40911 

945 

979 

.41013 

047 
.41081 

115 

149 

183 
217 



2.4751 

4730 

4709 
4689 

4668 

4648 
4627 
4606 

4586 
4566 

4545 
4525 
4504 
4484 

4464 

4443 
4423 
4403 

4383 
4362 

4342 
4322 
4302 
4282 
4262 



.41251 2 

285 

319 

353 

387 

.41421 2 

455 
490 

524 
558 
.41592 2 
626 
660 

694 
728 

.41763 

797 

831 
865 

899 

.41933 
968 

.42002 

036 

070 

.42105 

139 

173 
207 

242 

.42276 
310 

345 
379 
413 



.39073 .92050 .42447 2.3559 



4242 
4222 
4202 
4182 
4162 
414^ 

41.22 
4102 

4083 
4063 

4043 
4023 
4004 

3984 
3964 

3945 

3925 
3906 

3886 
3867 

3847 
3828 

3808 

3789 
3770 

3750 

3731 
3712 

3693 
3673 

3654 

3635 
3616 

3597 
3578 



Gos. Sin. Got. Tan. 



Sin. G08. Tan. Got. 



.39073 
100 

127 

153 
180 

.39207 

234 
260 

287 
314 

.39341 
367 
394 
421 

448 

•39474 
501 

528 

555 
581 

.39608 

635 
661 

688 

715 

.39741 
768 

795 
822 

848 

•39875 
902 

928 

955 
982 

.40008 

035 
062 

088 

"5 

.40141 

168 

195 
221 

248 

.40275 
301 
328 

355 
381 

.40408 

434 
461 

488 

5H 

.40541 

567 
594 
621 

647 
.40674 



.92050 

039 
028 

016 

005 

.91994 
982 
971 

959 
948 

.91936 
925 
914 
902 
891 

.91879 
868 
856 

. 845 
833 

.91822 
810 

799 

787 

775 

.91764 

752 

741 

729 
718 

.91706 

694 
683 

671 

660 

.91648 
636 
625 
613 
601 

.91590 

578 
566 

555 
543 

.91531 

519 
508 

496 

484 

.91472 

461 

449 
"•437 
425 
.91414 
402 
390 
378 
366 



•42447 
482 

516 

585 
.42619 

654 
688 
722 

757 

.42791 

826 

860 

894 

929 

.42963 

998 

.43032 
067 

lOI 

.43136 
170 
205 

239 

274 

.43308 

343 
378 
412 

447 

.43481 
516 

550 

585 
620 

.43654 
689 

724 
758 
793 
.43828 
862 

897 
932 
966 

.44001 
036 
071 
105 
140 

•44175 
210 

244 
279 
314 

•44349 

384 
418 

453 
488 



•91355 .44523 2 



2.3559 

3539 
3520 

3501 
3483 

3464 

3445 
3426 

3407 
3388 

3369 

3351 
3332 

3313 
3294 

3276 

3257 
3238 
3220 
3201 

3183 
3164 
3146 

3127 
3109 

3090 
3072 
3053 
3035 
3017 
2998 
2980 
2962 
2944 

2925 
2907 
2889 
2871 

2853 
2835 
2817 

2799 
2781 

2763 
2745 
2727 
2709 
2691 

2673 
2655 
2637 
2620 
2602 
2584 
2566 

2549 

2531 

2513 
2496 

2478 
2460 



60 

59 
58 
57 
56 

55 
54 
53 
52 
51 
50 

49 
48 

47 
46 

45 

44 

43 
42 

41 
40 

39 
38 

37 
36 

35 
34 
33 
3* 
31 

30 
29 
28 
27 
26 

»5 

24 

23 
22 

21 

20 

19 
18 

17 
16 

15 
14 
13 
12 

II 

10 

9 
8 

7 
6 

5 
4 

3 

2 
I 
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66° 
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24° 25° 26° 



M. 
o 


Sin. Oos. Tan. Got. 


Sin. Gos. Tan. Got. 


Sin. Gos. Tan. Got. 


60 


.40674 .91355 .44523 2.2460 


.42262 .90631 .46631 2.1445 


•43837 -89879 .48773 2.0503 


I 


700 343 558 


.2443 


288 618 666 .1429 


863 867 809 .0488 


59 . 


2 


727 331 593 


.2425 


315 606 702 .1413 


889 854 845 .0473 


58 


3 


753 319 627 


.2408 


341 594 737 .1396 


916 841 881 .0458 


57 


4 


780 307 662 


.2390 


367 582 772 .1380 


942 828 917 .0443 


56 


5 


.40806 .91295 .44697 2 


•2373 


.42394 .90569 .46808 2.1364 


.43968 .89816 .48953 2.0428 


55 


6 


833 283 732 . 


2355 


420 557 843 .1348 


994 803 989 .0413 


54 


7 


860 272 767 


2338 


446 545 879 .1332 


.44020 790 .49026 .0398 


53 


8 


886 260 802 . 


.2320 


473 532 914 .1315 


046 777 062 .0383 


52 


9 


913 248 837 


2303 


499 520 950 -1299 


072 764 098 .0368 


51 


lO 


.40939 .91236 .44872 2. 


2286 


.42525 .90507 .46985 2.1283 


-44098 .89752 49134 2.0353 


50 


II 


966 224 907 . 


2268 


552 495 47021 .1267 


124 739 170 .0338 


49 


12 


992 212 942 . 


2251 


578 483 056 .1251 


151 726 206 .0323 


48 


13 


.41019 200 977 . 


2234 


604 470 092 .1235 


177 713 242 .0308 


47 


14 


045 188 .45012 . 


2^16 


631 458 128 .1219 


203 700 278 .0293 


46 


15 


.41072 .91176 .45047 2. 


2199 


.42657 .90446 .47163 2.1203 


.44229 .89687 .49315 2.0278 


45 


i6 


098 164 082 . 


2182 


683 433 199 -"87 


255 674 351 .0263 


44 


17 


125 152 117 . 


2165 


709 421 234 .1171 


281 662 387 .0248 


43 


i8 


151 140 152 . 


2148 


736 408 270 .1155 


307 649 423 .0233 


42 


19 


178 128 187 . 


2130 


762 396 305 .1139 


333 636 459 .0219 


41 


20 


.41204 .91116 .45222 2, 


2113 


.42788 .90383 -47341 2.1 123 


.44359 -89623 .49495 2.0204 


40 


21 


231 104 257 . 


2096 


815 371 377 -"07 


385 610 532 .0189 


39 


22 


257 092 292 . 


2079 


841 358 412 .1092 


411 597 568 .0174 


38 


23 


284 080 327 


2062 


867 346 448 .1076 


437 584 604 .0160 


37 


24 


310 068 362 


■2045 


894 334 483 .1060 


464 571 640 .0145 


36 


25 


•41337-91056.453972 


.2028 


.42920..90321 .47519 2.1044 


44490 .89558 .49677 2.0130 


35 


26 


363 044 432 


201 1 


946 309 555 -1028 


516 545 713 .0115 


34 


27 


390 032 467 


.1994 


972 296 590 .1013 


542 532 749 .0101 


33 


28 


416 020 502 


1977 


999 284 626 .0997 


568 519 786 .0086 


32 


29 


443 008 538 


.i960 


.43025 271 662 .0981 


594 506 822 .0072 


31 


30 


.41469 .90996 .45573 2 


•1943 


.43051 .90259 .47698 2.0965 


.44620 .89493 .49858 2.0057 


30 


31 


496 984 608 


.1926 


077 246 733 .0950 


646 480 894 .0042 


29 


32 


522 972 643 


.1909 


104 233 769 .0934 


672 467 931 .0028 


28 


33 


549 960 678 


.1892 


130 221 805 .0918 


698 454 967 .0013 


27 


34 


575 948 713 


.1876 


156 208 840 .0903 


724 441 .50004 1.9999 


26 


35 


.41602 .90936 .45748 2 


.1859 


.43182 .90196 .47876 2.0887 


.44750 .89428. .50040 1.9984 


25 


36 


628 924 784 


.1842 


209 183 912 .0872 


776 415 076 .9970 


24 


37 


655 911 819 


.1825 


235 171 948 .0856 


802 402 113 .9955 


23 


38 


681 899 854 


.1808 


261 158 984 .0840 


828 389 149 .9941 


22 


39 


707 887 889 


.1792 


287 146 .48019 .0825 


854 376 185 .9926 


21 


40 


.41734 .90875 .45924 2 


•1775 


•43313 -90133 48055 2.0809 


.44880 .89363 .50222 1. 99 1 2 


20 


41 


760 863 960 


.1758 


340 120 091 .0794 


906 350 258 .9897 


19 


42 


787 851 995 


.1742 


366 108 127 .0778 


932 337 295 .9883 


18 


43 


813 839 .46030 


.1725 


392 095 163 .0763 


958 324 331 .9868 


17 


44 


840 826 065 


.1708 


418 082 198 .0748 


984 311 368 .9854 


16 


45 


.41866 .90814 .46101 2 


.1692 


.43445 .90070 .48234 2.0732 


.45010 .89298 .50404 1.9840 


15 


46 


892 802 136 


.1675 


471 057 270 .0717 


036 285 441 .9825 


14 


47 


919 790 171 


.1659 


497 045 306 .0701 


062 272 477 .9811 


13 


48 


945 778 206 


.1642 


523 032 342 .0686 


088 259 514 .9797 


12 


49 


972 766 242 


.1625 


549 019 378 .0671 


114 245 550 .9782 


II 


50 


.41998 .90753 .46277 2 


.1609 


•43575 90007 .48414 2.0655 


.45140 .89232 .50587 1.9768 


10 


51 


.42024 741 312 


.1592 


602 .89994 450 .0640 


166 219 623 .9754 


9 


52 


051 729 348 


.1576 


628 981 486 .0625 


192 206 660 .9740 


8 


53 


077 717 383 


.1560 


654 968 521 .0609 


218 193 696 .9725 


7 


54 


104 704 418 


•1543 


680 956 557 .0594 


243 180 733 .9711 


6 


55 


.42130 .90692 .46454 2 


.1527 


.43706 .89943 .48593 2.0579 


.45269 .89167 .50769 1.9697 


5 


56 


156 680 489 


.1510 


733 930 629 .0564 


295 "53 806 .9683 


4 


57 


183 668 525 


.1494 


759 918 665 .0549 


321 140 843 .9669 


3 


58 


209 655 560 


.1478 


785 905 701 .0533 


347 127 879 .9654 


2 


59 


235 643 595 


.1461 


811 892 737 .0518 


373 114 916 .9640 


I 


60 


.42262 .90631 .46631 2 


1 445 


.43837 .89879 -48773 2.0503 


.45399 -89101 .50953 1.9626 





Gos. Sin. Got. Tan. 


Gos. Sin. Got. Tan. 


Gob. Sin. Got. Tan. 


M. 



650 



64 



o 



63° 



NATURAL SINES, COSINES, TANGENTS, AND COTANGENTS. 

27° 28° 29° 



73 



M. 
o 


Sin. OoB. Tan. Got. 


Sin. Gos. Tan. Got. 


Sin. Gos. Tan. Got. 


60 


45399 -89101 .50953 1.9626 


.46947 .88295 .53171 1.8807 


.48481 .87462 .55431 1.8040 


I 


425 087 989 .9612 


973 281 208 .8794 


506 448 469 .8028 


59 


2 


451 074.51026 .9598 


999 267 246 .8781 


532 434 507 -8016 


58 


3 


477 061 063 .9584 


.47024 254 283 .8768 


557 420 545 .8003 


57 


4 


503 048 099 .9570 


050 240 320 .8755 


583 406 583 .7991 


56 


5 


.45529.89035 .511361.9556 


.47076 .88226 .53358 1. 8741 


.48608 .87391 .55621 1.7979 


55 


6 


554 021 173 .9542 


loi 213 395 .8728 


634 377 659 .7966 


54 


7 


580 008 209 .9528 


127 199 432 .8715 


659 363 697 .7954 


53 


8 


606.88995 246 .9514 


153 185 470 .8702 


684 349 736 .7942 


52 


9 


632 981 283 .9500 


178 172 507 .8689 


710 335 774 .7930 


51 


lO 


.45658 .88968 .51319 1.9486 


.47204 .88158 .53545 1.8676 


•48735-87321 .55812 1.7917 


50 


II 


684 955 356 .9472 


229 144 582 .8663 


761 306 850 .7905 


49 


12 


710 942 393 .9458 


255 130 620 .8650 


786 292 888 .7893 


48 


13 


736 928 430 .9444 


281 117 657 .8637 


811 278 926 .7881 


47* 


14 


762 915 467 .9430 


306 103 694 .8624 


837 264 964 .7868 


46 


15 


.45787 .88902 .51503 1.9416 


.47332 .88089 .53732 1.8611 


.48862 .87250 .56003 1.7856 


45 


i6 


&13 888 540 .9402 


358 075 769 .8598 


888 235 041 .7844 


44 


17 


839 875 577 .9388 


383 062 807 .8585 


913 221 079 .7832 


43 


i8 


865 862 614 .9375 


409 048 844 .8572 


938 207 117 .7820 


42 


19 


891 848 651 .9361 


434 034 882 .8559 


964 193 156 .7808 


41 


20 


.45917 .88835 .51688 1.9347 


.47460 .88020 .53920 1.8546 


.48989 .87178 .56194 1.7796 


40 


21 


942 822 724 .9333 


486 006 957 .8533 


.49014 164 232 .7783 


39 


22 


968 808 761 .9319 


511 .87993 995 .8520 


040 150 270 .7771 


38 


23 


994 795 798 .9306 


537 979.54032 .8507 


065 136 309 .7759 


37 


24 


.46020 782 835 .9292 


562 965 070 .8495 


090 121 347 .7747 


36 


25 


.46046 .88768 .51872 1.9278 


.47588 .87951 .54107 1.8482 


.49116.87107.56385 1.7735 


35 


26 


072 755 909 .9265 


614 937 H5 8469 


141 093 424 .7723 


34 


27 


097 741 946 .9251 


639 923 183 .8456 


166 079 462 .7711 


33 


28 


123 728 983 .9237 


665 909 220 .8443 


192 064 501 .7699 


32 


29 


149 715 .52020 .9223 


690 896 258 .8430 


217 050 539 .7687 


31 


30 


.46175 .88701 .52057 1. 9210 


.47716 .87882 .54296 1. 84 1 8 


.49242 .87036 .56577 1.7675 


30 


31 


201 688 094 .9196 


741 868 ZZZ -8405 


268 021 616 .7663 


29 


32 


226 674 131 .9183 


767 854 371 .8392 


293 007 654 .7651 


28 


33 


252 661 168 .9169 


793 840 409 .8379 


318.86993 693 .7639 


27 


34 


278 647 205 .9155 


818 826 446 .8367 


344 978 731 .7627 


26 


35 


.46304 .88634 .52242 1.9142 


.47844 .87812 .54484 1.8354 


.49369 .86964 .56769 1. 761 5 


25 


36 


330 620 279 .9128 


869 798 522 .8341 


394 949 808 .7603 


24 


37 


355 607 316 .9115 


895 784 560 .8329 


419 935 846 .7591 


23 


38 


381 593 353 9101 


920 770 597 .8316 


445 921 885 .7579 


22 


39 


407 580 390 .9088 


946 756 635 .8303 


470 906 923 .7567 


21 


40 


.46433 .88566 .52427 1.9074 


.47971 .87743 .54673 1.8291 


•49495 .86892 .56962 1.7556 


20 


41 


458 553 464 9061 


997 729 711 .8278 


521 878.57000 .7544 


19 


42 


484 539 501 9047 


.48022 715 748 .8265 


546 863 039 .7532 


18 


43 


510 526 538 .9034 


048 701 786 .8253 


571 849 078 .7520 


17 


44 


536 512 575 .9020 


073 687 824 .8240 


596 834 116 .7508 


16 


45 


.46561 .88499 .52613 1.9007 


.48099 .87673 .54862 1.8228 


.49622 .86820 .57155 1.7496 


15 


46 


587 485 650 .8993 


124 659 900 .8215 


647 805 193 .7485 


14 


47 


613 472 687 .8980 


150 645 938 .8202 


672 791 232 .7473 


13 


48 


639 458 724 -8967 


175 631 975 .8190 


697 777 271 .7461 


12 


49 


664 445 761 .8953 


201 617 .55013 .8177 


723 762 309 .7449 


II 


50 


.46690 .88431 .52798 1.8940 


.48226 .87603 .55051 1. 8165 


.49748 .86748 .57348 1.7437 


10 


51 


716 417 836 .8927 


252 589 089 .8152 


773 733 386 .7426 


9 


52 


742 404 873 .8913 


277 575 127 .8140 


798 719 425 .7414 


8 


53 


767 390 910 .8900 


303 561 165 .8127 


824 704 464 .7402 


7 


54 


793 317 947 -8887 


328 546 203 .8115 


849 690 503 .7391 


6 


55 


.46819 .88363 .52985 1.8873 


.48354 .87532 .55241 1.8103 


.49874.86675 .57541 1.7379 


5 


56 


844 349 .53022 .8860 


379 518 279 .8090 


899 661 580 .7367 


4 


57 


870 336 059 .8847 


405 504 317 -8078 


924 646 619 .7355 


3 


58 


896 322 096 .8834 


430 490 355 8065 


950 632 657 .7344 


2 


59 


921 308 134 .8820 


456 476 393 .8053 


975 617 696 .7332 


I 


60 


.46947 .88295 .53171 1.8807 


.48481 .87462 .55431 1.8040 


.50000 .86603 .57735 1.7321 



M. 


Oos. Sin. Got. Tan. 


Gos. Sin. Got. Tan. 


Gos. Sin. Got. Tan. 



62° 



610 



60° 



74 NATURAL SINES, COSINES, TANGENTS, AND COTANGENTS. 

30° 31° 32=5 



M. 
o 


Sin. Oos. Tan. Got. 


Sin. Oos. Tan. Got. 


Sin. Oos. Tan. Got. 




.50000 .86603 .57735 1. 7321 


.51504 .85717 .60086 1.6643 


.52992 .84805 .62487 1.6003 


60 


I 


025 588 774 .7309 


529 702 126 .6632 


.53017 789 527 .5993 


59 


2 


050 573 813 .7297 


554 687 165 .6621 


041 774 568 .5983 


58 


3 


076 559 851 .7286 


579 672 205 .6610 


066 759 608 .5972 


57 


4 


loi 544 890 .7274 


604 657 245 .6599 


091 743 649 .5962 


56 


5 


.50126 .86530 .57929 1.7262 


.51628 .85642 .60284 1.6588 


.53115 .84728 .62689 1-5952 


55 


6 


151 515 968 .7251 


653 627 324 .6577 


140 712 730 .5941 


54 


7 


176 501 .58007 .7239 


678 612 364 .6566 


164 697 770 .5931 


53 


8 


201 486 046 .7228 


703 597 403 .6555 


189 681 811 .5921 


52 


9 


227 471 085 .7216 


728 582 443 .6545 


214 666 852 .5911 


51 


10 


.50252 .86457 .58124 1.7205 


•51753 -85567 -60483 1.6534 


.53238 .84650 .62892 1.5900 


50 


II 


277 442 162 .7193 


778 551 522 .6523 


263 635 933 .5890 


49 


12 


302 427 201 .7182 


803 536 562 .6512 


288 619 973 .5880 


48 


13 


327 413 240 .7170 


828 521 602 .6501 


312 604 .63014 .5869 


47 


14 


352 398 279 .7159 


852 506 642 .6490 


337 588 055 .5859 


46 


15 


.50377 .86384 .58318 1.7147 


.51877 .85491 .60681 1.6479 


-53361 .84573 .63095 1.5849 


45 


i6 


403 369 357 -7136 


902 476 721 .6469 


386 557 136 .5839 


44 


17 


428 354 396 .7124 


927 461 761 .6458 


411 542 177 .5829 


43 


i8 


453 340 435 •7"3 


952 446 801 .6447 


435 526 217 .5818 


42 


19 


478 325 474 -7102 


977 431 841 .6436 


460 511 258 .5808 


41 


20 


.50503 -86310 .58513 1.7090 


.52002 .85416 .60881 1.6426 


.53484 .84495 -63299 1-5798 


40 


21 


528 295 552 .7079 


026 401 921 .6415 


509 480 340 .5788 


39 


22 


553 281 591 .7067 


051 385 960 .6404 


534 464 380 .5778 


38 


23 


578 266 631 .7056 


076 370 .61000 .6393 


558 448 421 .5768 


37 


24 


603 251 670 .7045 


loi 355 040 .6383 


583 433 462 .5757 


36 


25 


.50628 .86237 .58709 1.7033 


.52126 .85340 .61080 1.6372 


.53607 .84417 .63503 1.5747 


35 


26 


654 222 748 .7022 


151 325 120 .6361 


632 402 544 .5737 


34 


27 


679 207 787 .7011 


175 310 160 .6351 


656 386 584 .5727 


33 


28 


704 192 826 .6999 


200 294 200 .6340 


681 370 625 .5717 


32 


29 


729 178 865 .6988 


225 279 240 .6329 


705 355 666 .5707 


31 


30 


.50754 .86163 .58905 1.6977 


.52250 .85264 .61280 1. 6319 


-53730 .84339 .63707 1.5697 


30 


31 


779 148 944 .6965 


275 249 320 .6308 


754 324 748 .5687 


29 


32 


804 133 983 .6954 


299 234 360 .6297 


779 308 789 -5677 


28 


33 


829 119.59022 .6943 


324 218 400 .6287 


804 292 830 .5667 


27 


34 


854 104 061 .6932 


349 203 440 .6276 


828 277 871 .5657 


26 


35 


.50879 .86089 .59101 1.6920 


.52374 .85188 .61480 1.6265 


.53853 -84261 .63912 1.5647 


25 


36 


904 074 140 .6909 


399 173 520 .6255 


877 245 953 .5637 


24 


37 


929 059 179 .6898 


423 157 561 .6244 


902 230 994 .5627 


23 


38 


954 045 218 .6887 


448 142 601 .6234 


926 214.64035 .5617 


22 


39 


979 030 258 .6875 


473 127 641 .6223 


951 198 076 .5607 


21 


40 


.51004 .86015 .59297 1.6864 


.52498 .85112 .61681 1.6212 


•53975 .84182.64117 1.5597 


20 


41 


029 000 336 .6853 


522 096 721 .6202 


.54000 167 158 .5587 


19 


42 


054.85985 376 .6842 


547 081 761 .6191 


024 151 199 ,5577 


18 


43 


079 970 415 .6831 


572 066 801 .6181 


049 135 240 .5567 


17 


44 


104 956 454 .6820 


597 051 842 .6170 


073 120 281 .5557 


16 


45 


.51129.85941 .59494 1.6808 


.52621 .85035 .61882 1. 61 60 


.54097 .84104 .64322 1.5547 


15 


46 


154 926 533 6797 


646 020 922 .6149 


122 088 363 .5537 


14 


47 


179 9" 573 -6786 


671 005 962 .6139 


146 072 404 .5527 


13 


48 


204 896 612 .6775 


696 .84989 .62003 .6128 


171 057 446 .5517 


12 


49 


229 881 651 .6764 


720 974 043 .6118 


195 041 487 .5507 


II 


50 


.51254.85866.59691 1.6753 


.52745 .84959 .62083 1. 6107 


.54220 .84025 .64528 1.5497 


10 


51 


279 851 730 .6742 


770 943 124 .6097 


244 009 569 .5487 


9 


52 


304 836 770 .6731 


794 928 164 .6087 


269 .83994 610 .5477 


8 


53 


329 821 809 .6720 


819 913 204 .6076 


293 978 652 .5468 


7 


54 


354 806 849 .6709 


844 897 245 .6066 


317 962 693 .5458 


6 


55 


•5^379 -85792 .59888 1.6698 


.52869 .84882 .62285 1-6055 


.54342 .83946 .64734 1.5448 


5 


56 


404 777 928 .6687 


893 866 325 .6045 


366 930 775 .5438 


4 


57 


429 762 967 .6676 


918 851 366 .6034 


391 915 817 .5428 


3 


58 


454 747 .60007 .6665 


943 836 406 .6024 


415 899 858 .5418 


2 


59 


479 732 046 .6654 


967 820 446 .6014 


440 883 899 .5408 


I 


60 


.51504 .85717 .60086 1.6643 


.52992 .84805 .62487 1.6003 


.54464 .83867 .64941 1.5399 




M. 


Oos. Sin. Got. Tan. 


Oos. Sin. Got. Tan. 


Oos. Sin. Got. Tan. 



69° 



68 



o 



67 



o 



NATURAL SINES, COSINES, TANGENTS, AND COTANGENTS. 

33° 340 35° 



75 



M. 



Bin. O08. Tan. Got. 


Sin. G08. Tan. Got. 


Sin. Gos. Tan. Got. 


60 


.54464 .83867 .64941 1.5399 


.55919 .82904 .67451 1.4826 


.57358 .81915 .70021 1.4281 


I 


488 851 982 .5389 


943 887 493 .4816 


381 899 064 .4273 


59 


2 


513 835.65024 .5379 


968 871 536 .4807 


405 882 107 .4264 


58 


3 


537 819 065 .5369 


992 855 578 .4798 


429 865 151 .4255 


57 


4 


561 804 106 .5359 


.56016 839 620 .4788 


453 848 194 .4246 


56 


5 


.54586 .83788 .65148 1.5350 


.56040 .82822 .67663 14779 


-57477 -81832 .70238 14237 


55 


6 


610 772 189 .5340 


064 806 705 .4770 


501 815 281 .4229 


54 


7 


635 756 231 .5330 


088 790 748 .4761 


524 798 325 .4220 


53 


8 


659 740 272 .5320 


112 773 790 .4751 


548 782 368 .4211 


52 


9 


683 724 314 .5311 


136 757 832 .4742 


572 765 412 .4202 


51 


10 


.54708 .83708 .65355 1. 5301 


.56160 .82741 .67875 1.4733 


•57596 .81748 .70455 14193 


50 


II 


732 692 397 .5291 


184 724 917 .4724 


619 731 499 -4185 


49 


12 


756 676 438 .5282 


208 708 960 .4715 


643 714 542 4176 


48 


13 


781 660 480 .5272 


232 692 .68002 .4705 


667 698 586 .4167 


47 


M 


805 645 521 .5262 


256 675 045 .4696 


691 681 629 .4158 


46 


15 


.54829 .83629 .65563 1.5253 


.56280 .82659 .68088 1.4687 


.57715 .81664 .70673 1.4150 


45 


•16 


854 613 604 .5243 


305 643 130 .4678 


738 647 717 4141 


44 


17 


878 597 646 .5233 


329 626 173 .4669 


762 631 760 .4132 


43 


18 


902 581 688 .5224 


353 610 215 .4659 


786 614 804 .4124 


42 


19 


927 565 729 .5214 


377 593 258 .4650 


810 597 848 41 1 5 


41 


20 


.54951 .83549 .6577* 1-5204 


.56401 .82577 .68301 1. 464 1 


.57833 .81580 .70891 1.4106 


40 


21 


975 533 813 .5195 


425 561 343 .4632 


857 563 935 -4097 
881 546 979 -4089 


39 


22 


999 517 854 -5 '85 


449 544 386 .4623 


38 


23 


.55024 501 896 .5175 


473 528 429 .4614 


904 530.71023 .4080 


37 


24 


048 485 938 .5166 


497 5" 471 -4605 


928 513 066 .4071 


36 


25 


.55072 .83469 .65980 1. 5 1 56 


.56521 .82495 .68514 1.4596 


•57952 .81496 .71110 1.4063 


35 


26 


097 453 .66021 .5147 


545 478 557 .4586 


976 479 154 -4054 


34 


27 


121 437 063 .5137 


569 462 600 .4577 


999 462 198 .4045 


33 


28 


145 421 105 .5127 


593 446 642 .4568 


.58023 445 242 .4037 


32 


29 


169 405 147 .5118 


617 429 685 .4559 


047 428 285 .4028 


31 


30 


.55194 .83389 .66189 1.5108 


.56641 .82413 .68728 1.4550 


.58070 .81412 .71329 1.4019 


30 


31 


218 373 230 .5099 


665 396 771 .4541 


094 395 373 .4011 


29 


32 


242 356 272 .5089 


689 380 814 .4532 


118 378 417 .4002 


28 


33 


266 340 314 .5080 


713 3^3 857 .4523 


141 361 461 .3994 


27 


34 


291 324 356 .5070 


736 347 900 .4514 


165 344 505 .3985 


26 


35 


•55315 .83308 .66398 1.5061 


.56760 .82330 .68942 1.4505 


.58189 .81327 .71549 1.3976 


25 


36 


339 292 440 .5051 


784 314 985 .4496 


212 310 593 .3968 


24 


37 


363 276 482 .5042 


808 297 .69028 .4487 


236 293 637 .3959 


23 


38 


388 260 524 .5032 


832 281 071 .4478 


260 276 681 .3951 


22 


39 


412 244 566 .5023 


856 264 114 .4469 


283 259 725 .3942 


21 


40 


.55436 .83228 .66608 1. 501 3 


.56880 .82248 .69157 1.4460 


.58307 .81242 .71769 1.3934 


20 


41 


460 212 650 .5004 


904 231 200 .4451 


330 225 813 .3925 


19 


42 


484 195 692 .4994 


928 214 243 .4442 


354 208 857 .3916 


18 


43 


509 179 734 .4985 


952 198 286 .4433 


378 191 901 .3908 


17 


44 


533 163 776 .4975 


976 181 329 .4424 


401 174 946 .3899 


16 


45 


•55557 -83147 .66818 1.4966 


.57000 .82165 .69372 1.44 1 5 


.58425 .81157.71990 1.3891 


15 


46 


581 131 860 .4957 


024 148 416 .4406 


449 140 .72034 .3882 


14 


47 


605 115 902 .4947 


047 132 459 .4397 


472 123 078 .3874 


13 


48 


630 098 944 .4938 


071 115 502 .4388 


496 106 122 .3865 


12 


49 


654 082 986 .4928 


095 098 545 -4379 


519 089 167 .3857 


II 


50 


.55678 .83066 .67028 1. 49 1 9 


.57119 .82082 .69588 1.4370 


.58543 .81072 .72211 1.3848 


10 


51 


702 050 071 .4910 


143 065 631 .4361 


567 055 255 .3840 


9 


52 


726 034 113 .4900 


167 048 675 .4352 


590 038 299 .3831 


8 


53 


750 017 155 .4891 


191 032 718 .4344 


614 021 344 .3823 


7 


54 


775 001 197 .4882 


215 015 761 .4335 


637 004 388 .3814 


6 


55 


.55799 -82985 .67239 1.4872 


.57238 .81999 .69804 1.4326 


.58661 .80987 .72432 1.3806 


5 


56 


823 969 282 .4863 


262 982 847 .4317 


684 970 477 .3798 


4 


57 


847 953 324 .4854 


286 965 891 .4308 


708 953 521 .3789 


3 


58 


871 936 366 .4844 


310 949 934 .4299 


731 936 565 .3781 


2 


59 


895 920 409 .4835 


334 932 977 -4290 


755 919 610 .3772 


I 


60 


-5 59" 9 .82904 .67451 1.4826 


.57358 .81915 .70021 1.4281 


.58779 .80902 .72654 1.3764 




M. 


G08. Sin. Got. Tan. 


Gos. Sin. Got. Tan. 


Gos. Sin. Got. Tan. 



56P 



55= 



54=> 



76 NATURAL SINES, COSINES, TANGENTS, AND COTANGENTS. 

36^ 370 38^ 



M. 



Sin. Cos. Tan. Got. 


Sin. Oos. Tan. Got. 


Sin. Cos. Tan. Cot. 


60 


.58779 .80902 .72654 1.3764 


.60182 .79864 .75355 1.3270 


.61566 .78801 .78129 1.2799 


I 


802 885 699 .3755 


205 846 401 .3262 


589 783 175 -2792 


59 


2 


826 867 743 .3747 


228 829 447 .3254 


612 765 222 .2784 


58 


3 


849 850 788 .3739 


251 811 492 .3246 


635 747 269 .2776 


57 


4 


873 833 832 .3730 


274 793 538 .3238 


658 729 316 .2769 


56 


5 


.58896 .80816 .72877 1.3722 


.60298 .79776 .75584 1.3230 


.61681 .78711 .78363 1.2761 


55 


6 


920 799 921 .3713 


321 758 629 .3222 


704 694 410 .2753 


54 


7 


943 782 966 .3705 


344 741 675 .3214 


726 676 457 .2746 


53 


8 


967 765-73010 -3697 


367 723 721 .3206 


749 658 504 .2738 


52 


9 


990 748 OSS. -3688 


390 706 767 .3198 


772 640 551 .2731 


51 


zo 


.59014 .80730 .73100 1.3680 


.60414 .79688 .75812 1. 3 1 90 


.61795 .78622 .78598 1.2723 


50 


II 


037 713 144 .3672 


437 671 858 .3182 


818 604 645 .2715 


49 


12 


061 696 189 .3663 


460 653 904 .3175 


841 586 692 .2708 


48 


13 


084 679 234 .3655 


483 635 950 .3167 


864 568 739 .2700 


47 


14 


108 662 278 .3647 


506 618 996 .3159 


887 550 786 .2693 


46 


15 


.59131 .80644 .73323 1.3638 


.60529 .79600 .76042 1.3151 


.61909 .78532 .78834 1.2685 


45 


16 


154 627 368 .3630 


553 583 088 .3143 


932 514 881 .2677 


44 


17 


178 610 413 .3622 


576 565 134 .3135 


955 496 928 .2670 


43 


18 


201 593 457 -3613 


599 547 180 .3127 


978 478 975 .2662 


42 


19 


225 576 502 .3605 


622 530 226 .3119 


.62001 460 .79022 .2655 


41 


20 


.59248 .80558 .73547 1.3597 


.60645 .79512 .76272 1.3111 


.62024 .78442 .79070 1.2647 


40 


21 


272 541 592 .3588 


•668 494 318 .3103 


046 424 117 .2640 


39 


22 


295 524 637 .3580 


691 477 364 .3095 


069 405 164 .2632 


38 


23 


318 507 681 .3572 


714 459 410 .3087 


092 387 212 .2624 


37 


24 


342 489 726 .3564 


738 441 456 .3079 


"5 369 259 .2617 


36 


25 


.59365 .80472 .73771 1.3555 


.60761 .79424 .76502 1.3072 


.62138 .78351 .79306 1.2609 


35 


26 


389 455 816 .3547 


784 406 548 .3064 


160 333 354 .2602 


34 


27 


412 438 861 .3539 


807 388 594 .3056 


183 315 401 .2594 


33 


28 


436 420 906 .3531 


830 371 640 .3048 


206 297 449 .2587 


32 


29 


459 403 951 -3522 


853 353 686 .3040 


229 279 496 .2579 


31 


30 


.59482 .80386 .73996 1.35 14 


-60876 .79335 .76733 1.3032 


.62251 .78261 .79544 1.2572 


30 


31 


506 368 .74041 .3506 


899 318 779 3024 


274 243 591 .2564 


29 


32 


529 351 086 .3498 


922 300 825 .3017 


297 225 639 .2557 


28 


33 


552 334 131 -3490 


945 282 871 .3009 


320 206 686 .2549 


27 


34 


576 316 176 .3481 


968 264 918 .3001 


342 188 734 .2542 


26 


35 


.59599 .80299 74221 1.3473 


.60991 .79247 -76964 1.2993 


.62365 .78170 .79781 1.2534 


25 


36 


622 282 267 .3465 


.61015 229 .77010 .2985 


38S 152 829 .2527 


24 


37 


646 264 312 .3457 


038 211 057 .2977 


411 134 877 .2519 


23 


38 


669 247 357 .3449 


061 193 103 .2970 


433 116 924 .2512 


22 


39 


693 230 402 .3440 


084 176 149 .2962 


456 098 972 .2504 


21 


40 


.59716 .80212 .74447 1-3432 


.61107 .79158 .77196 1.2954 


.62479 .78079 .80020 1.2497 


20 


41 


739 195 492 .3424 


130 140 242 .2946 


502 061 067 .2489 


19 


42 


763 178 538 .3416 


153 122 289 .2938 


524 043 115 .2482 


18 


43 


786 160 583 .3408 


"76 105 335 -2931 


547 025 163 .2475 


17 


44 


809 143 628 .3400 


199 087 382 .2923 


570 007 211 .2467 


16 


45 


.59832.80125 .74674 1.3392 


.61222 .79069 .77428 1. 2915 


.62592 .77988 .80258 1.2460 


15 


46 


856 108 719 .3384 


245 051 475 .2907 


615 970 306 .2452 


14 


47 


879 091 764 .3375 


268 033 521 .2900 


638 952 354 .2445 


13 


48 


902 073 810 .3367 


291 016 568 .2892 


660 934 402 .2437 


12 


49 


926 056 855 .3359 


314.78998 615 .2884 


683 916 450 .2430 


II 


50 


.59949 .80038 .74900 1.335 1 


-61337 .78980 .77661 1.2876 


.62706 .77897 .80498 1.2423 


10 


51 


972 021 946 .3343 


360 962 708 .2869 


728 879 546 .2415 


9 


52 


995 003 991 .3335 


383 944 754 -2861 


751 861 594 .2408 


8 


53 


.60019 .79986 .75037 .3327 


406 926 801 .2853 


774 843 642 .2401 


7 


54 


042 968 082 .3319 


429 908 848 .2846 


796 824 690 .2393 


6 


55 


-60065 .79951 .75128 1.3311 


.61451 .78891 .77895 1.2838 


.62819 .77806 .80738 1.2386 


5 


56 


089 934 173 .3303 


474 873 941 .2830 


842 788 786 .2378 


4 


57 


112 916 219 .3295 


497 855 988 .2822 


864 769 834 .2371 


3 


58 


135 899 264 .3287 


520 837 .78035 .2815 


887 751 882 .2364 


2 


59 


158 881 310 .3278 


543 819 082 .2807 


909 733 930 .2356 


I 


60 


.60182 .79864 .75355 1.3270 


.61566 .78801 .78129 1.2799 


.62932 .77715 .80978 1.2349 





Cos. Sin. Cot. Tan. 


Cos. Sin. Got. Tan. 


Cos. Sin. Oct. Tan. 


M. 



63° 



52 



o 



6P 



NATURAL SINES, COSINES, TANGENTS, AND COTANGENTS. 
39° 40° 4P 



77 



M. 
o 


Sin. Oos. TaD. Got. 


Sin. Cos. Tan. 


Got. 


Sin. Gos. Tan. 


Got. 


60 


.62932.77715 .80978 1.2349 


.64279 .76604 .83910 I 


.1918 


.05000 .75471 .86929 I 


.1504 


I 


955 696.81027 .2342 


301 586 960 


.1910 


628 452 980 


.1497 


59 


2 


977 678 075 .2334 


323 567 .84009 


.1903 


650 433 .87031 


.1490 


58 


3 


.63000 660 123 .2327 


346 548 059 


.1896 


672 414 082 


.1483 


57 


4 


022 641 171 .2320 


368 530 108 


.1889 


694 395 133 


•1477 


56 


5 


.63045 .77623 .81220 1.2312 


.64390.76511 .84158 I 


.1882 


•65716 .75375 -87184 I 


.1470 


55 


6 


068 605 268 .2305 


412 492 208 


.1875 


738 356 236 


.1463 


54 


7 


090 586 316 .2298 


435 473 258 


.1868 


759 337 287 


.1456 


53 


8 


113 568 364 .2290 


457 455 307 


.1861 


781 318 338 


.1450 


52 


9 


135 550 413 -2283 


479 436 357 


.1854 


803 299 389 


.1443 


51 


10 


.63158 .77531 .81461 1.2276 
180 513 510 .2268 


.64501 .76417 .84407 I 


.1847 


.65825 .75280 .87441 I 


.1436 


50 


II 


524 398 457 


,1840 


847 261 492 


.1430 


49 


12 


203 494 558 .2261 


546 380 507 


•1833 


869 241 543 


.1423 


48 


13 


225 476 606 .2254 


568 361 556 


.1826 


891 222 595 


.1416 


47 


M 


248 458 655 .2247 


590 342 606 . 


1819 


913 203 646 


,1410 


46 


15 


.63271 77439 .81703 1.2239 


.64612 .76323 .84656 I 


.1812 


•65935 -75184 .87698 I 


.1403 


45 


i6 


293 421 752 .2232 


635 304 706 


1806 


956 165 749 


•1396 


44 


17 


316 402 800 .2225 


657 286 756 


.1799 


978 146 801 


.1389 


43 


i8 


338 384 849 .2218 


679 267 806 


.1792 


.66000 126 852 


.1383 


42 


19 


361 366 898 .2210 


701 248 856 


.1785 


022 107 904 


•"376 


41 


20 


.63383 -77347 -81946 1.2203 


.64723 .76229 .84906 I. 


1778 


.66044 .75088 .87955 I. 


.1369 


40 


21 


406 329 995 .2196 


746 210 956 


1771 


066 069 .88007 


•1363 


39 


22 


428 310 .82044 .2189 


768 192 .85006 


1764 


088 050 059 


•1356 


38 


23 


451 292 092 .2181 


790 173 057 


.1757 


109 030 1 10 


■1349 


37 


24 


473 273 141 .2174 


812 154 107 , 


1750 


131 on 162 


■1343 


36 


25 


•63496 .77255 .82190 1. 2167 


.64834 .76135 .85157 I 


•1743 


.66153 .74992 .88214 I 


■1336 


35 


26 


518 236 238 .2160 


856 116 207 . 


1736 


175 973 265 


.1329 


34 


27 


540 218 287 .2153 


878 097 257 


.1729 


«97 953 317 


•1323 


33 


28 


563 199 336 .2145 


901 078 308 


.1722 


218 934 369 


.1316 


32 


29 


585 181 385 .2138 


923 059 358 


.1715 


240 915 421 


.1310 


31 


30 


.63608 .77162 .82434 1.2131 


.64945 .76041 .85408 I 


1708 


.66262 .74896 .88473 I 


•1303 


30 


31 


630 144 483 .2124 


967 022 458 


.1702 


284 876 524 


.1296 


29 


32 


653 125 531 .2117 


989 003 509 


.1695 


306 857 576 . 


,1290 


28 


33 


675 107 580 .2109 


.6501 1 .75984 559 


.1688 


327 838 628 


.1283 


27 


34 


698 088 629 .2102 


033 965 609 


.1681 


349 818 680 . 


.1276 


26 


35 


.63720 .77070 .82678 1.2095 


-65055 -75946 .85660 I 


.1674 


.66371 .74799 .88732 I 


.1270 


25 


36 


742 051 727 .2088 


077 927 710 


.1667 


393 780 784 


.1263 


24 


37 


765 033 776 .2081 


100 908 761 


.1660 


414 760 836 


.1257 


23 


38 


787 014 825 .2074 


122 889 811 


.1653 


436 741 888 


.1250 


22 


39 


810 .76996 874 .2066 


144 870 862 


.1647 


458 722 940 


•1243 


21 


40 


.63832 .76977 .82923 1.2059 


.65166 .75851 .85912 I 


.1640 


.66480 .74703 .88992 I 


.1237 


20 


41 


854 959 972 .2052 


188 832 963 


.1633 


501 683 .89045 


.1230 


19 


42 


877 940 .83022 .2045 


210 813 .86014 


.1626 


523 664 097 


.1224 


18 


43 


899 921 071 .2038 


232 794 064 


.1619 


545 644 149 


.1217 


17 


44 


922 903 120 .2031 


254 775 "5 


.1612 


566 625 201 


.1211 


16 


45 


.63944 .76884 .83169 1.2024 


.65276 .75756 .86166 I 


.1606 


.66588 .74606 .89253 I 


.1204 


15 


46 


966 866 218 .2017 


298 738 216 


.1599 


610 586 306 


"97 


14 


47 


989 847 268 .2009 


320 719 267 . 


1592 


632 567 358 


.1191 


13 


48 


.64011 828 317 .2002 


342 700 318 


1585 


653 548 410 


.1184 


12 


49 


033 810 366 .1995 


364 680 368 . 


1578 


675 528 463 


J178 


II 


50 


.64056 .76791 .83415 1. 1988 


.65386 75661 .86419 I. 


1571 


.66697 .74509 .89515 I 


.1171 


10 


51 


078 772 465 .1981 


408 642 470 . 


1565 


718 489 567 


.1165 


9 


52 


100 754 514 .1974 


430 623 521 . 


1558 


740 470 620 . 


1158 


8 


53 


123 735 564 .1967 


452 604 572 . 


1551 


762 451 672 . 


,1152 


7 


54 


145 717 613 .i960 


474 585 623 . 


1544 


783 431 725 • 


.1145 


6 


55 


.64167 .76698 .83662 1. 1953 


■65496 .75566 .86674 I. 


1538 


.66805 .74412 .89777 I 


"39 


5 


56 


190 679 712 .1946 


518 547 725 • 


1531 


827 392 830 . 


1132 


4 


57 


212 661 761 .1939 


540 528 776 . 


1524 


848 373 883 . 


1126 


3 


58 


234 642 811 .1932 


562 509 827 . 


1517 


870 353 935 • 


1119 


2 


59 


256 623 860 .1925 


584 490 878 . 


1510 


891 334 988 . 


1113 


I 


60 


.64279 .76604 .83910 1.1918 


.65606 .75471 .86929 I. 


1504 


.66913 .74314 .90040 I. 


1106 




'm.~ 




Oos. Sin. Got. Tan 


Oos. Sin. Got. ' 


Fan. 


Gos. Sin. Got. ' 


ran. 



60C 



490 



48° 
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420 430 440 



Im. 



Sin. Cos. Tan. Got. 


Sin. Gos. Tan. Got. 


Sin. Gos. Tan. Got. 


60 


.66913 .74314 .90040 I.I 106 


.68200.73135 .93252 1.0724 


.69466 .71934 .96569 1.0355 


I 


935 295 093 .1100 


221 116 306 .0717 


487 914 625 .0349 


59 


2 


956 276 146 .1093 


242 096 360 .0711 


508 894 68i .0343 


58 


3 


978 256 199 .1087 


264 076 415 .0705 


529 873 738 .0337 


57 


4 


999 237 251 .1080 


285 056 469 .0699 


549 853 794 .0331 


56 


5 


.67021 .74217 .90304 1. 1074 


.68306 .73036 .93524 1.0692 


-69570 .71833 .96850 1.0325 


55 


6 


043 198 357 .1067 


327 016 578 .0686 


591 813 907 .0319 


54 


7 


064 178 410 .1061 


349-72996 633 .0680 


612 792 963 .0313 


53 


8 


086 159 463 .1054 


370 976 688 .0674 


633 772 .97020 .0307 


52 


9 


107 139 5^6 .1048 


391 957 742 .0668 


654 752 076 .0301 


51 


10 


.67129 .74120 .90569 1.1041 


.68412 .72937 .93797 J 0661 


.69675 -71732 .97^3 1-0295 


50 


II 


151 100 621 .1035 


434 917 852 .0655 


696 711 189 .0289 


49 


12 


172 080 674 .1028 


455 897 906 .0649 


717 691 246 .0283 


48 


13 


194 061 727 .1022 


476 877 961 .0643 


737 671 302 .0277 


47 


14 


215 041 781 .1016 


497 857 .94016 .0637 


758 650 359 .0271 


46 


15 


.67237 .74022 .90834 1. 1009 


.68518 .72837 .94071 1.0630 


.69779 .71630 .97416 1.0265 


45 


16 


258 002 887 .1003 


539 817 125 .0624 


800 610 472 .0259 


44 


17 


280 .73983 940 .0996 


561 797 180 .0618 


821 590 529 .0253 


43 


18 


301 963 993 .0990 


582 777 235 .0612 


842 569 586 .0247 


42 


19 


323 944 .91046 .0983 


603 757 290 .0606 


862 549 643 .0241 


41 


20 


.67344 -73924 -91099 1.0977 


.68624 .72737 .94345 1.0599 


.69883 .71529 .97700 1.0235 


40 


21 


366 904 153 .0971 


645 717 400 .0593 


904 508 756 .0230 


39 


22 


387 885 206 .0964 


666 697 455 .0587 


925 488 813 .0224 


38 


23 


409 865 259 .0958 


688 677 510 .0581 


946 468 870 .0218 


37 


24 


430 846 313 .0951 


709 657 565 .0575 


966 447 927 .0212 


36 


25 


.67452 .73826 .91366 1.0945 


.68730 .72637 .94620 1.0569 


.69987 .71427 .97984 1.0206 


35 


26 


473 806 419 .0939 


751 617 676 .0562 


.70008 407 .98041 .0200 


34 


27 


495 787 473 .0932 


772 597 731 .0556 


029 386 098 .0194 


33 


28 


51D 767 526 .0926 


793 577 786 .0550 


049 366 155 .0188 


32 


29 


538 747 580 .0919 


814 557 841 .0544 


070 345 213 .0182 


31 


30 


.67559 .73728 .91633 1-0913 


.68835 .72537 .94896 1.0538 


.70091 .71325 .98270 1. 01 76 


30 


31 


580 708 687 .0907 


857 517 952 .0532 


112 305 327 .0170 


29 


32 


602 688 740 .0900 


878 497 .95007 .0526 


132 284 384 .0164 


28 


33 


623 669 794 .0894 


899 477 062 .0519 


153 264 441 .0158 


27 


34 


645 649 847 .0888 


920 457 118 .0513 


174 243 499 .0152 


26 


35 


.67666 .73629 .91901 1.0881 


.68941 .72437 .95173 1.0507 


.70195 .71223 .98556 1.0147 


25 


36 


688 610 955 .0875 


962 417 229 .0501 


215 203 613 .0141 


24 


37 


709 590 .92008 .0869 


983 397 284 .0495 


236 182 671 .0135 


23 


38 


730 570 062 .0862 


.69004 377 340 .0489 


257 162 728 .0129 


22 


39 


752 551 116 .0856 


025 357 395 -0483 


277 141 786 .0123 


21 


40 


•67773 -73531 .92170 1.0850 


.69046 .72337 .95451 1.0477 


.70298 .71121 .98843 1. 01 17 


20 


41 


795 511 224 .0843 


067 317 506 .0470 


319 100 901 .0111 


19 


42 


816 491 277 .0837 


088 297 562 .0464 


339 080 958 .0105 


18 


43 


837 472 331 -0831 


109 277 618 .0458 


360 059 .99016 .0099 


17 


44 


859 452 385 -0824 


130 257 673 .0452 


381 039 073 .0094 


16 


45 


.67880 .73432 .92439 1. 08 1 8 


.69151 .72236 .95729 1.0446 


.70401 .71019 .99131 1.0088 


15 


46 


901 413 493 .0812 


172 216 785 .0440 


422 .70998 189 .C082 


14 


47 


923 393 547 -0805 


193 196 841 .0434 


443 -978 247 .0076 


13 


48 


944 373 601 .0799 


214 176 897 .6428 


463 957 304 -0070 


12 


49 


965 353 655 .0793 


235 156 952 .0422 


484 937 362 .0064 


II 


50 


•67987 -73333 .92709 1-0786 


.69256 .72136 .96008 1. 041 6 


.70505 .70916 .99420 1.0058 


10 


51 


.68008 314 763 .0780 


277 116 064 .0410 


525 896 478 .0052 


9 


52 


029 294 817 .0774 


298 095 120 .0404 


546 875 536 .0047 


8 


53 


051 274 872 .0768 


319 075 176 .0398 


567 855 594 -0041 


7 


54 


072 254 926 .0761 


340 055 232 .0392 


587 834 652 .0035 


6 


55 


•68093 -73234 .92980 1.0755 


.69361 .72035 .96288 1.0385 


.70608 .70813 .99710 1.0029 


5 


56 


115 215 .93034 .0749 


382 015 344 .0379 


628 793 768 .0023 


4 


57 


136 195 088 .0742 


403.71995 400 .0373 


649 772 826 .0017 


3 


58 


157 175 H3 -0736 


424 974 457 -0367 


670 752 884 .0012 


2 


59 


179 155 197 .0730 


445 954 513 -0361 


690 731 942 .0006 


I 


60 


.68200 .73135 .93252 1.0724 


.69466 .71934 .96569 1.0355 


.70711 .70711 1.0000 1. 0000 




M.- 


Cos. Sin. Got. Tan. 


Gos. Sin. Got. Tan. 


Gos. Sin. Got. Tan. 



47' 



46° 



46° 



0° 



AUXILIARY TABLE FOR SMALL ANGLES. 

P 2^ 3° 4° 
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M. 


Sin. 


Tan. 


Sin> 


Tan. 


Sin. 


Tan. 


Sin. 


Tan. 


Sin. 


Tan. 


M. 


4. 


68 


4- 


68 


4. 


68 


4- 
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5620 
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I 
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3 
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4 


5 
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5575 
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5479 


5766 
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5207 
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5 


6 
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5575 


5548 


5628 


5478 


5769 


5363 


5999 


5204 
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6 
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7 
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8 
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9 
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5635 
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15 


i6 
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5173 
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16 


17 


5573 
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5648 


5460 


5805 
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6385 


17 


i8 
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5335 
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18 
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19 
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6404 


20 


21 


5572 


5580 


5535 


5655 


5453 


5818 


5327 


6070 


5158 


6410 


21 


22 


5572 


5581 


5534 


5657 


5451 


5822 


5325 


^P 


5154 


6417 


22 
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PREFACE. 



This brief work on Surveying and Navigation is intended for those 
students who desire to supplement the study of Trigonometry with a 
brief course on its applications to those subjects. 

No attempt has been made to treat the subjects fully. Special effort 
has, however, been made to have the work correct and accurate as far as 
it goes, and it is believed that the student who afterwards becomes a 
surveyor or navigator will have nothing to unlearn that he has learned 
from this work. 

The author wishes to acknowledge his obligations to Messrs. W. & 
L. E. Gurley, Troy, N.Y., for the use of plates from which were made 
the cuts of the instruments found throughout the work. 



ARTHUR G. ROBBINS. 



Massachusetts Institute of Technoloot, 
September, 1896. 
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LAND SUKYEYING. 



>>a?Oo- 



Surveying is the art of measuring and locating lines and angles on 
the earth's surface. 

Representation of these measurements on paper is called plotting. 

By applying the rules of geometry and trigonometry to these measure- 
ments, distances and quantities may be computed. 

In plane surveying all distances measured are horizontal distances. 

The instruments for measuring distances are as follows : 

Gunter's or surveyor's chain, made of iron or steel wire, contains 

100 links = 4 rods = 66 feet. 
1 link = 7y%2^ inches. 
10 sq. chains = 1 Acre. 

Engineer's chain, 100 ft. long, contains 100 links, each one foot long. 

The steel tape, which is made of a continuous ribbon of steel, generally 
in lengths of 50 or 100 ft., is graduated to feet, tenths and hundredths 
of a foot. 

The metallic tape, generally 50 ft. in length, is made of cloth, into 
which is woven a number of fine wires to prevent stretching. It is gradu- 
ated to feet, tenths and half-tenths. 

Wooden rods, for measuring short distances, are graduated to read by 
a vernier to one-thousandth of a foot. 

The inch is not used in surveying field work. 

To measure a Straight Line with the Chain. 

The work is done by two persons using a chain and a set of eleven 
marking-pins. Sometimes two lining-poles are used to mark the ends of 
the line. 

The fore chainman takes ten of the eleven pins, and sets a pin at the 
end of each chain length, after the rear chainman has lined it in with the 
point to which the distance is to be measured. The rear chainman lines 

1 
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in the pin to be set by the fore chainman, holds the rear end of the chain 
against the last pin set by the fore chainman until the next one is set, and 
takes up each pin after the next forward one is set. 

As soon as the fore chainman sets his last pin, he calls up and receives 
from the rear chainman his ten pins, taking care to count them to see that 
none are lost, records one tally, i.e. ten chains, and the work is continued 
till the end of the line is reached. The total distance is found by count- 
ing ten chains for each tally, one chain for each pin in the hand of the 
rear chainman, and the fractional part of a chain between the last pin set 
and the end of the line. The last pin should remain in the ground and 
not be counted as in the hand of the rear chainman. 

When a line is being measured down hill, the forward end of the 
chain should be held at the same level as the rear end, and the point 
transferred to the ground by a plumb line, or, less accurately, by a lining- 
pole suspended between the thumb and finger. In all cases the chain 
must be held horizontal, whether the ground is level or not. The ten- 
dency, when learning to chain on a steep hill, is to hold the chain inclined 
at a less angle with the ground than the one between the horizontal and 
the surface of the ground. 

Because of the large number of wearing surfaces, usually 600 in the 
surveyor's and engineer's chain, the length of every chain should be fre- 
quently compared with a standard. 

A new steel tape may be used as a standard when there is none other 
convenient. The comparison should be made on a smooth and level sur- 
face, such as a level sidewalk or long hallway. Provision is made for 
shortening the chain by turning a nut at the end of either one of the end 
links. 

If a line has been measured with a chain afterwards found to be too 
long or too short, the measured length should be corrected. In making 
this correction it should be remembered that the tt'ue length of a line, 
measured with a chain that is too long, is greater than the measured 
length, and vice versa. 

The degree of precision obtained ought to depend upon the character 
of the work, and not upon the character of the ground. With ordinary 
skill in chaining, the error in measuring a line along the highways of a 
town or village should not exceed one part in four or five thousand. If no 
more care be used in measuring a line through the tangled undergrowth 
of some forest lands, an error of one in three or four hundred might be 
expected. 

By applying the rules of geometry and trigonometry, it is practicable 
to measure angles, considerable areas, and distances to inaccessible objects 
by means of the chain. 
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Given the line ab, to locate on the ground the line be perpendictUar to 
ab cU b. 

Select any convenient point as c, one chain length from b. With one 
end of the chain held at c, swing the other end to d, in the line ab, using 
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Fig. 1. 



a lining-pole at d to aid in lining in from a if necessary. With one end 
sof the chain still held at c, swing the other end to locate e in the line dc 
produced, be is the perpendicular required. 

Another- Method. 

Measure cb = 40 ft. Hold one end of the chain at c, and the 80-f t. 
mark at b. Let a third person take the chain at the 50-ft. mark and pull 
both parts cd and bd taut, bd is the line required. 

Other methods equally feasible will suggest themselves to the student. 
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Fig. 2. 
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Given a line ab on the ground, to locate a line starting at b and making 
an angle of 60° with this line. 

Prolong db (Fig. 3) any convenient distance, as 100 ft., to c. Hold 
one end of the chain at 6, and with the same length be locate a number 
of pins at d, /, etc., a foot or two apart and at a distance from c as nearly 
equal to be as can be estimated. Measure from c the distance ce = c6, 
lining in the point e between the two adjacent pins (cZ and / in this case). 
be is the line required. 
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To lay out Any Given Angle, as 22° 30', with the Chain. 

By trigonometry, twice the sine of one-half of an angle is equal to its 
chord, the radius being unity. 

Given the line ab on the ground to locate a line cd, making the angle 
bed = 22° 30'. 

From c measure ce any convenient distance, as 100 ft. Twice the 
sine of one-half of 22"" 30' = .3902. Multiply this by distance ce (100 ft. 

b 




Fig. 4. 

in this case). From e, with radius 39.02 ft., locate pins on Sivcfg one or 
two feet apart. From c, with radius 100 ft., locate, the point h on the 
arc fg. cd passing through h is the line required. 

By the reverse of the above process, the angle between any two lines 
located on the ground may be measured. 

Figures 5, 6, 7, and 8 illustrate how lines may ^ 
be prolonged through obstacles, and distances to 
inaccessible objects measured by application of 
these problems. 
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Fig. 5. 
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Fig. 8. 
<(o : aci: ad: cd 



Areas of fields may be determined by measuring the length of lines 
dividing the field into triangles and computing the area of each triangle 
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separately. In dividing the field into triangles, much more accurate 
results will be obtained if the lines to be measured are so chosen as to 
diyide the field into as few and as nearly equilateral triangles as possible. 
The area of a narrow, irregular area such as that shown at ahc (Fig. 9) 
can best be determined by measuring at regular intervals the lengths of 




Fig. 9. 

right-angle offsets to the lines ab and he and then computing the area by 
the following rule, known as the trapezoidal rule, 

in which A is the area, d the common distance between the offsets, h and 
h* the two end offsets, and 2 2^< twice the sum of all the offsets between 
the two end offsets. 

This rule assumes that the bounding line between any two adjacent 
offsets is a straight line. 



THE COMPASS. 

The compass, shown in Fig. 10, is an instrument for determining the 
angle that any line makes with the magnetic meridian. 

It consists essentially of a circle, graduated to half-degrees, and num- 
bered from 0° to 90° each way from the north and south points. 

The sights are iu the prolongation of the line N. S. Balanced on a 
steel pivot at the centre of the circle, is a magnetic needle, which points 
in the direction of the magnetic meridian. The compass is connected with 
the tripod by a ball and socket joint, which allows the compass to be 
turned in any direction for the purpose of levelling. 

By setting the compass anywhere in a line and levelling it, by aid of 
the spirit bubbles shown on the compass box, then turning the sights till 
they point in the direction of the line, the angle which this line makes 
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with the magnetic meridian may be read, by observing the number of 
d^rees between the N. or S. point of the compass box and the N. or S. 
end of the needle. This angle is called the bearing of the line. Bearings 



are read from the N. or S. point of the compass box, 90° in each direction. 
The letters which mark the E. and W. points on the compass box are re- 
versed to aid in reading bearings, as is shown in Figs. 11, 12, 13, and 14. 

The bearing of the line ab, Fig. 11, is N. 20° W. 
The bearing of the line ab, Fig. 12, is K. 20° E. 
The bearing of the line ab, Fig. 13, is S. 20° E. 
The bearing of the line ab, Fig. 14, ia S. 20° W. 
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If the observer directs the N. point of the compass box in the direction 
of the line whose bearing is to be taken, and reads the N. end of the 
needle, the letters on the compass box between which that end of the 
needle lies are the ones to be used in recording the bearing. A careful 
observance of this rule will prevent the student from reading bearings 
incorrectly when learning to use the compass. 

The magnetic needle does not point true north. Moreover, it does not 
always point in the same direction. 

The angle which the magnetic needle makes with the true meridian 
is called the declination of the needle. Changes in the declination are 
called variations of the needle. The principal variations are, secular 
variation, daily variation, irregular variations. 

The secular variation is a slow and continuous change in the pointing 
of the needle, which may be compared to the movement of a pendulum 
requiring centuries to make a single oscillation. 

The daily variation is small, seldom exceeding six or eight minutes, 
and in ordinary surveying is neglected. 

Irregular variations may occur at any time. They follow no known 
law. 

In order to learn what the declination of the needle is at any time, 
the compass should be frequently set in a true meridian line^ and the 
declination measured. 

The United States Coast and Geodetic Survey publishes from time to 
time, charts of the United States, on which are drawn lines connecting 
places at which the declination at any given time is the same. These 
lines are called isogonic lines. The line connecting places where there is 
no declination is called the agonic line. In 1890 this line passed a little 
to the east of Charleston, S.C, through North Carolina, Virginia, Ohio, 
and Michigan. At all places to the east of this line, the declination is 
west, and at all places to the west of this line the declination is east. 

At present the west declinations are increasing about two to four min- 
utes a year, while the east declinations are decreasing ; or, in other words, 
the agonic line is moving west. 

From observations extending over a number of years it is possible to 
devise formulas by which the declination of the needle may be computed, 
with a considerable degree of precision, for some years in the future. 

The following are a number of such formulas taken from tables in the 
United States Coast and Geodetic Survey Report for 1886 : • 

D = the declination, + when east, and — when west, m = time — 1850, 
expressed in years and fraction of a year. 

^ A method of establishing a true meridian line is explained in the chapter on 
Practical Astronomy. 
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Name of Station and State. 



Montreal, Can 

Eastport, Me 

Portland, Me 

Burlington, Vt 

Hanover, N.H 

Rutland, Vt 

Portsmouth, N.H. . . . 

Boston, Mass 

Hartford, Conn 

Albany, N.Y 

Harrisburg, Pa 

Baltimore, Md 

Charleston, S.C 

Key West, Fla 

New Orleans, La. . . . 

Cincinnati, O 

Pittsburgh, Pa 

Cleveland, O 

Detroit, Mich 

Buffalo, N.Y 

Sitka, Alaska .... 
Port Townsend, Wash. T., 
San Francisco, Cal. . . 

Monterey, Cal 

San Diego, Cal 



Latitnde. 


o • 

45 30.5 


44 54.4 


43 38.8 


44 28.5 


43 42.3 


43 36.5 


43 04.3 


42 21.5 


41 45.9 


42 39,2 


40 15.9 


39 17.8 


32 46.6 


' 24 33.5 


29 57.2 


39 08.6 


40 27.6 


41 30.3 


42 20.0 


42 52.8 


57 02.9 


48 07.0 


37 47.5 


36 36.1 


32 42.1 



West 
Longitude. 



73 34.6 

66 59.2 

70 16.6 

73 12.0 

72 17.1 

72 56.5 

70 42.5 

71 03.9 

72 40.4 

73 45.8 
76 52.9 
76 37.0 

79 55.8 
81 48.5 
90 03.9 
84 25.3 

80 00.8 

81 42.0 
83 03.0 
78 53.5 

136 19.7 

122 44.9 

122 27.3 

121 53.6 

117 14.3 



The Magnetic Declination expressed as a 
Function of Time. 



Z>= + 11.88+4.17 sin 
i>= + 15.14+3.90 sin 
2>= +11.26+3. 16 sin 
Z>=+ 10.81 +3.65 sin 
+0.18 sin 
D=+ 9.80+4.02 sin 
Z>= +10.03+3.82 sin 
Z>= +10.71+3.36 sin 
Z)=+ 9.48+2.94 sin 
D=+ 8.06+2.90 sin 
2>=+ 8.17+3.02 sin 
D=+ 2.93+2.98 sin 
2)=+ 3.20+2.57 sin 
D=- 2.14+2.77 sin 
Z>=- 3.70+3.16 sin 
D=- 5.61 +2.57 sin 
D=- 2.40+2.62 sin 
2>=+ 1.85+2.45 sin 
Z>=+ 0.10+2.07 sin 
D=- 0.97+2.21 sin 
i>=+ 3.66+3.47 sin 
2)= -25.79+3.30 sin 
Z>= -18.84+3.00 sin 
Z>= -13.94+2.65 sin 
2)=-13.79+2.65sin 
2)=-11.78+1.90sin 



.50 m- 18.5) 
.20 m+ 31.7) 
.33 m+ 5.8) 
.30 m- 20.5) 
.00 m + 132.0) 
.40m- 14.1) 
.50 m- 24.3) 
.44 m- 7.4) 
.30 m+ 3.7) 
.25 m- 26.4) 
.44 m- 8.3) 
.50 m+ 0.2) 
.45 m- 21.2) 
.40m- 3.1) 
.36 m- 35.1) 
.40 m- 61.9) 
.42 m- 39.8) 
.45 m- 28.4) 
.40 m- 6.2) 
.50 m- 15.3) 
.40 m- 27.8) 
.30 m -104.2) 
.45 m- 122.1) 
.05 m -135.5) 
.10 m -156.4) 
.15m-151.6) 



It is in relocating the lines of an old survey when the location of some 
of the corners has been lost that a knowledge of the changes in the 
declination of the needle is essential to the surveyor. For example, the 
declination of the needle at New Haven, Conn., was 

5° 45' W. in 1761, 
5M5' W. in 1780, 
4° 30' W. in 1819, 
6° 30' W. in 1828, 
6° 00' W. in 1838. 

Therefore, a line that had a bearing of N. 10° W. in 1761, had a bearing of 

N. 10° 30' W. in 1780, 
N. 11° 15' W. in 1819, 
K 10° 15' W. in 1828, 
N. 9° 45' W. in 1838. 
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At a place in Illinois the declination of the needle in 1821 was 8° 00' E., 
and in 1843 it was 7° 15' E. ; therefore a line that in 1821 had a bearing 
of S. 20° W., had, in 1843, a bearing of S. 20° 45' W. 

When the bearing of a line is being read, see that there is no iron or 
steel near, to turn the needle from its normal position. Some of the 
things most liable to cause this are, the chain or pins, hatchet, covered 
steel buttons on coat, steel-bowed spectacles, keys or knife in vest pocket. 
In fact, any bit of iron held near the needle may attract it appreciably. 

To measure the bearing of a line when local attraction cannot be 
avoided, as, for example, when the line is an iron fence or a railroad 
track, measure the bearing in the usual way, and also, from the same 
place, measure the bearing to a point where no local attraction exists. 
Next set the compass over this latter point and measure the bearing to 
the first point. This bearing being correct, the bearing of the fence or 
track may be computed. 

Example. — Compass at a (Fig. 15), bearing ab = N. 20° E. ; bearing 
oc = N. 85° E. ; therefore angle cab = 65°. 




•d 



\ 



\. 



X 



c 

Fig. 15. 

Compass at c, bearing ca = N. 83° W., which is the true bearing of ca, 
provided there is no local attraction at c ; therefore the true bearing of ac 
is S. 83° E. ; and since angle bac = QB"", the bearing of ab is N. 32° E. 
instead of N. 20° E. 

In order to prove that there is no local attraction at c, select a fourth 
point d and measure the bearing cd ; then at d measure the bearing dc. If 
one is exactly the reverse of the other, there is no local attraction at either 
c or d. 

To make a compass survey of a field, the bearing and reverse bearing 
of all the sides should be taken, and the length of all the sides measured. 
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The following are samples of field notes of compass surveys : 





1 

OQ 


Bearing. 


Reverse 
Bearing. 


Distance. 


• 

s 
o 

1 


Bearing. 


Reverse 
Bearing. 


Distance. 






o 


o 


chains 




o 


. o 


chains 


(1) 


1 


N. 


37 E. 


S. 37 W. 


16.32 


1 


N. 


75} W. 




6.22 


(3) 




2 


N. 


46} W. 


S. 46} E. 


4.53 


2 


S. 


77 W. 




10.60 






3 


S. 


43J W. 


N. 43i E. 


13.75 


3 


S. 


74} W. 




4.57 






4 


S. 


26 E. 


N. 26 W. 


5.00 


4 


N. 


86 E. 


— 


3.84 






5 


s. 


57 E. 


N. 57 W. 


1.60 


5 
6 


S. 

s. 


50 E. 
27} E. 




4.00 
3.93 












(2) 


1 


N. 


67 E. 


S. 67 W. 


3.66 


7 


N. 


65i E. 




7.90 






2 


s. 


24J E. 


N. 24J W. 


0.95 


8 


N. 


23 E. 




2.17 






3 


s. 


36J E. 


N. 36t W. 


1.34 


9 


N. 


33 E. 


— 


1.00 






4 


s. 


53i E. 


N. 53} W. 


2.00 


10 


N. 


46J E. 




1.84 






5 


s. 


42i E. 


N. 42 W. 


1.14 


11 


N. 


60J E. 




1.40 






6 


s 


36^ E. 
U\ W. 


N. 35} W. 
N. 74t E. 


2 52 
















7 


s. 


3.20 


1 


N. 


89J W. 


S. 89 E. 


4.74 


(4) 




8 


N. 


33 W. 


S. 32| E. 


3.30 


2 


N. 


17} W. 


S. 17i E. 


12.50 






9 


N. 


60i w. 


S. 50} E. 


1.77 


3 


S. 


73} E. 


N. 73} W. 


15.36 






10 


N. 


61| W. 


S. 61} E. 


1.14 


4 


s. 


38J W. 


N. 38J E. 


9.87 






11 


N. 


47} W. 


S. 47} E. 


1.53 















(2) Area 2 A. 29 Rds. (3) Area 7 A. 155 Rds. (4) Area 9 A. 127 Rds. Ans. 

If the readings of the two ends of the needle are not alike, the 
trouble is probably due to a bent needle or a bent pivot. If the needle is 
bent, the difference in the readings of the two ends will be the same, 
whatever the direction of the compass sights. If the difference in the 
readings of the two ends of the needle changes with the direction of the 
compass sights, the pivot is bent, and the needle may or may not be 
straight. 

To straighten the pivot, turn the compass box till the difference in the 
readings of the two ends of the needle is greatest, then bend the pivot at 
right angles to the direction of the needle. After the pivot is straight- 
ened, to straighten the needle, bend till the readings of the two ends are 
the same. 



To remagnetize the Needle. 

Remove the glass cover from the compass box and take the needle from 
the pivot. Place the needle on a flat surface and draw an ordinary bar 
magnet from the centre of the needle to the end, repeating the operation 
a number of times. In returning the magnet from the end of the needle 
to the centre, it should be carried several inches away from the needle 
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and not moved back close to its surface. Use the north pole of the 
magnet on the south end of the needle, and vice versa. 

Sometimes when the surface of the glass cover to the compass has 
been rubbed with a dry cloth, electricity will be developed and cause 
the needle to adhere to the glass when lowered to the pivot. A touch 
on the glass with the moistened finger will remove the difficulty and 
cause the needle to swing free. 

Always keep the needle raised from the pivot except when taking a 
hearing, otherwise the sharp p'pint of the pivot will become blunt, and the 
pointing of the needle much less precise. 

CALCULATION OF THE AREA. 

The latitude of a line, or its northing or southing, is the distance that 
one end of the line is north or south of the other end. 

It is equal to the length of the line, multiplied by the natural cosine 
of its bearing. 

The departure of a line, or its easting or westing, is the distance that 
one end of the line is east or west of the other end. 

It equals the length of the line multiplied by the natural sine of its 
bearing. 

Obviously in a closed field the sum of the northings should equal the 
sum of the southings, and the sum of the eastings equal the sum of the 
westings. 

It is customary to consider north latitudes and east departures positive^ 
and south latitudes and west departures negative. 

Compute all the latitudes and departures. Tlie difference between the 
sum of the northings and the sum of the southings is the error in latitude. 
The difference between the sum of the eastings and the sum of the west- 
ings is the error in departure. The square root of the sum of the squares 
of these errors is the error of closure. This should not exceed a certain 
percentage of the perimeter, the amount depending upon the precision 
required for the work in hand. • 

After determining the error in latitude and in departure, this error 
must be distributed among the several courses, in order that the latitudes 
and departures shall balance exactly. This may be done by the following 
rule: 

The sum of all the latitudes, or departures, is to any latitude, or de- 
parture, as the total error in latitude, or departure, is to the correction to he 
applied to that latitude, or departure. 

This simply distributes the error throughout the whole length of the 
survey. It would be more precise, if not scientific, to make the correc- 
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tion to the lines or bearings that were incorrectly measured. The sur- 
veyor, from his knowledge of the survey, should distribute the error 
among those lines and bearings in which the natural difficulties to doing 
correct work were the greatest. 

The surveyor should be cautious about increasing the length of any 
of the lines, in order to balance the survey, since any chainman, however 
careful, is much more likely to make the measured length of a line too 
long rather than too short, because of the difficulty in drawing the chain 
perfectly straight and horizontal. 

After balancing the latitudes and departures, compute the double me- 
ridian distances. 

The double meridian distance of any line is equal to twice the distance 
of its centre from any chosen meridian. 

It will be found convenient to choose the meridian passing through 
the extreme east or west point of a survey, from which to compute the 
double meridian distances, in order that they may all have the same alge- 
braic sign. This point may generally be easily determined by a simple 
inspection of the field notes. Having selected this point, call the line 
starting from it the first course. 

Rule. — The double meridian distance of the first course is equal to its 
departure. 

The double meridian distance of the second course is equal to the double 
meridian distance of the first course, plus its departure, j)lus the departure 
of the second course. 

TJie double meridia)i distance of any course is equal to the double merid- 
ian distance of the preceding course, plus its departure, plus the departure of 
the course itself 

The double meridian distance of the last course should equal its de- 
parture, which checks the computation. 

Multiply the double meridian distance of each course by its corrected 
northing or southing, observing that the product of a northing multiplied 
by a positive double meridian distance gives a positive result, and that 
the product of a southing multiplied by a positive double meridian dis- 
tance gives a negative result. 

The algebraic sum of all these products is twice the area of the field. 
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The following is the computation of the area from the field notes given 
in Example 1, page 10 : 





Bearing. 


a 
a 


Latitude. 


Departure, 


Balanced. 


D.M.D. 


-f Areas. 


—A re 18. 


N-i- 8- 

1 

1 


E+ 


W- 


Latitude. 


Depart- 
ure. 




o 






• 






1 
1 








1 


N.37 E. 


15.32 


12.24 


9.23 




4-12.23 


+ 9.22 


16.28 


199.104 




2 


N. 46J W. 


4.53 


3.11 


— 


3.28 


+ 3.11 


-3.28 


22.22 


69.104 




3 


S. 43J W. 


13.75 




9.97 




9.46 


- 9.98 


-9.47 


9.47 




94.511 


4 


S. 26 E. 


5.00 




4.49 


2.19 




- 4.49 


+ 2.19 


2.19 


.~. 


9.833 


5 


S. 57 E. 


1.60 




0.87 


1.34 




- 0.87 


+ 1.34 


6.72 


— 


4.976 



15.35 15.33 12.76 12.74 
15.33 12.74 



268.208 109.320 
109.320 



error in southing, 0.02. 



0.02, error in westing. 



2)158.888 




79.444 sq. chains 
= 7 acres 151.1 rods. 



Fig. 16. 



ABODE (Fig. 16) shows a plot of the field, the area of which is com- 
puted above. MN is a meridian through A, the most westerly point. 
(Sta. 4 in field notes.) 



Course. 



AB 
BC 
CD 
DE 
EA 



Latitude. 

AI 
IN 

No 

oM 

MA 



D.M.D. 


2 ah 


2cd 


2e/ 


2gh 


2ik 



-i- Areas. 



— Areas. 



2ABI 
2IBCN 



2 NCDo 
2oDEM 



2AME 
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It is clear from Fig. 16 that each area given in the last table is equal 
to the product of the latitude of the course forming one of its limits, 
into the double meridian distance of that course. It is also evident that 
the difference between the + areas and the — areas is equal to twice the 
area ABODE. 

Plotting. 

A survey may be plotted by laying off the angles with a protractor, 
and the distances, to the desired scale, with any convenient form of 
scale; or the corners of the field may be plotted by means of total 
latitudes and departures. 

The protractor, one form of which is shown in Fig. 17, is generally 
made of a circular or semi-circular piece of brass or German silver, gradu- 
ated to degrees on its circumference. 




Fk;. 17. 

To lay off an angle with the protractor, place the centre mark over the 
vertex of the angle, with the diameter through the 0° mark along the 
given line. Mark off the number of degrees contained in the angle, and 
connect this point with the vertex. 

In every case the line from which the angle is laid off should extend 
beyond the circumference of the protractor in both directions, to insure an 
accurate result. 



To plot by Total Latitudes and Departures. 

The total latitude, or departure, of any station is equal to the algebraic 
sum of all the latitudes, or departures, of all the preceding courses. 
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The following are the total latitudes and departures of the survey 
computed on page 13 : 



station. 


Total Latitude. 


Total Departure. 


A 








B 


-4.49 


+ 2.19 


C 


-5.36 


+ 3.53 


D 


+ 6.88 


+ 12.75 


E 


+ 9.98 


+ 9.47 


A 









Draw a meridian line, and locate at any convenient point along this 
line the point having for its total latitude and departure. Lay off 
above this point the greatest positive total latitude, and below this point 
the greatest negative total latitude. At each of these latter points erect 
perpendiculars, and give each a length equal to the greatest total depart- 
ure. Draw a line connecting the ends of these perpendiculars, and a 
rectangle will be formed, inside of which the plot is to be located. From 
these lines locate each station of the survey, using the total latitudes as 
ordinates and the total departures as abscissas. Draw lines connecting 
each adjacent station, and the survey is plotted. To check the work, scale 
each line and see if it agrees with the measured length. {ABODE, Fig. 
16, is plotted by total latitudes and departures.) 

Every plot should show, in addition to the outline of the field, the 
length and bearing of each line, the date of the survey, the declination of 
the magnetic needle at the time the survey was made, the scale of the 
plot, the location of the field, and the name of the surveyor. 

When it is not practicable to measure one line of a survey, the missing 
data may be supplied by the computation, as in that case the difference 
between the northings and the southings is the latitude of the missing 
line, and the difference between the eastings and westings is its departure. 
Divide the departure by the latitude, and the quotient is the natural 
tangent of the missing course. If practicable, all of the courses and dis- 
tances should be measured, as whenever one is omitted the whole error of 
closure is, of necessity, thrown into the missing line, and the surveyor 
has no knowledge of the magnitude of the error. 
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PARTING OFF LAND. 

Suppose that in the field plotted on page 13, it is required to locate 
from a point F (Fig. 18) on the line CD, eight chains from C, a line FX 





r\ — 7] 


fX - 





1 


' \ / 




^i 


/ 


X 






^B 


x 
\ 






C 




P 


w 



Fig. 18. 

such that the area ABCFX shall be four acres. It is evident that the 
point X will fall somewhere on the line AE, 

Draw AF. Compute the area ABCF. 

The latitude, departure, and bearing of AF may be determined as in 
the case of the missing bearing and distance of any line. Subtract the 
area ABCF from four acres, and there remains the area of the triangle 
AFX. Compute the length of PX, perpendicular to AF ( ^ AF x PX 
= area AFX). With the angle XAF and the length PX given, AX 
may be computed, and X located by measuring this distance from A. 



RUNNING A RANDOM LINE. 

If for any reason, in running from one station of a survey to another, 
the two points are not intervisible, and there is no dividing fence, a ran- 
dom line is first run in as nearly the right direction as can be judged, till 
a point is reached, at which an offset at right angles to the random line 



a 1 ' 2 



8 h 




Fig, 19. 

will pass through the other end of the true line. Stakes should be set 
at regular intervals, say one chain apart, along the random line, from 
which points on the true line may be located as shown in Fig. 19. 

ah — 8.75 ch., he = .35 ch. ; then to locate a point on the line ac oppo- 

site the stake at 8 the offset is -— — x .35 =.32 ch. The offset from the 



8.75 



stake at 7 is .28 ch., and so on. 
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If the line divides two wood lots, one of which is to be cut, the line 
is marked by blazing adjacent trees on the side nearest the line, as 
shown in Fig. 20. 



Fig. 20. 

To replace a broken boundary line by a single straight line, without 
changing the area of the adjoining fields. 

Let ab (Fig. 21) be a curved or broken line separating the two fields. 
It is required to locate a line, extending from a to the line cd, such that 
the area on either side of this line will be the same as that on either side 
of the line ab. 



Fig. 21, 

From a run a random line ac. From this random line measure offsets 
to the curved line ab and compute the area on either side of ac between 
it and ab. Divide the difference of these areas by half of ac and measure 
this distance, ce in the figure, from c, perpendicular to ac ; through e, par- 
allel to aCy lay off ef to cd. af is the line required. 

THE TRANSIT. 

The transit, two forms of which are shown in Fig. 22, is an instru- 
ment for measuring angles independent of the magnetic needle and with 
much greater accuracy. 

The telescope differs from an ordinary telescope in that there is placed 
between the object-glass and the eye-piece, a ring carrying two fine spider 
threads called " cross-hairs." These are used to define the line of sight 
through the telescope, in the same way as do the compass sights on the 
compass. 

The telescope carries with itself an index, which moves about a gradu- 
ated circle and marks the number of degrees and minutes contained be- 
tween two successive sightings of the telescope. 

The circle is graduated to half-degrees, or sometimes into twenty- 
minute spaces. The index carries a vernier, which is a device for read- 
ing accurately fractional parts of a degree. The single-minute vernier is 
generally made as follows : 
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A space on the vernier, equal to twenty-nine half-degrees on the circle, 
is divided into thirty equal parts. This makes each division on the, 
vernier one-thirtieth of half a degree shorter than a half-degree, or one 
minute shorter. 



If the zero of the vernier is set opposite the zero of the circle, the 
tirst division of the vernier falls one minute short of the first division of 
the circle, the fifth division five minutes short, and so on, till the thirtieth 
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division on the vernier is reached. This division falls thirty minutes 
short of the thirtieth division on the circle, and coincides with the twenty- 
ninth half-degree division. 



By moving the vernier till the first division from the zero coincides 
with the first division of the circle, the telescope is turned through an 
angle of one minute. By turning the vernier till its fifth division coin- 
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eides with the fifth division of the circle, the telescope is moved through 
an angle of five minutes, and so on. 

To read the angle for any setting of the vernier, count, on the circle, 
the number of degrees and half-degrees between the zero of the circle 
and the zero of the vernier ; then look along the vernier, till a division is 
found which coincides exactly with one of the divisions on the circle ; the 
number of this division on the vernier is the number of minutes to be 
added to the degrees and half-degree, if any, to give the true reading. 

The following is a general rule for determining the smallest reading of 
any vernier : 

Divide the value of the smallest division on the circle by the number of 
divisions on the vernier. 

For example, thirty divisions on vernier and circle divided to thirty- 
minute spaces, 

f=i'. (1) 

Forty divisions on vernier ; circle divided to twenty-minute spaces, 

20' 

— = 30". (2) 

40 , ^ ^ 

Sixty divisions on vernier ; circle divided to twenty-minute spaces, 

90' 

S = 20". (3) 

Sixty divisions on vernier ; circle divided to ten-minute spaces, 

10' 

Ten divisions on vernier ; rod divided to hundredths of a foot, 

•-^—-p = .001 ft. (5) 

Ten divisions on vernier ; scale divided to tenths of an inch, 

^ = -01 in. (6) 

Twenty-five divisions on vernier ; scale divided to .05 in., 

.05 in. 



2b 



= .002 in. (7) 
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(1), (2), and (3) are different forms of transit verniers, (4) is a sextant 
vernier, (5) is the form of vernier used on Boston and New York levelling- 
rods, and (6) and (7) are two forms of vernier used on mercurial 
barometers. 

To measure an Angle with the Transit. 

Bring the plumb-bob, hung from the transit, exactly over the point at 
which the angle is to be measured. Place the plate bubbles parallel to 
opposite levelling-screws and level, by grasping opposite levelling-screws 
between the thumb and forefinger of each hand and turning both thumbs 
in or out, as is necessary. (The bubble will move in the same direction as 
the left thumb in turning the levelling-screws.) 

Set the zero of the vernier opposite the zero of the circle ; focus the 
eye-piece on the cross-hairs, and the object-glass on the object to be 
sighted; tighten the lower clamp and bring the image of the object, 
defining one line of angle, in exact coincidence with the vertical cross- 
hair, by means of the lower tangent screws. Loosen the upper clamp; 
sight the telescope to the object defining the second line of the angle ; 
tighten the upper clamp and bring the image of the object in exact 
coincidence with the vertical cross-hair, by means of the upper tangent 
screw. Head on the circle the number of degrees passed over by the 
index and on the vernier opposite the line in coincidence with a line on 
the circle the number of minutes to be added to the circle reading, to give 
the correct reading. 

Generally there are four verniers on a transit, one on each side of the 
zero of each of the two opposite indices. The student, when learning to 
use the transit, should read that vernier which lies in the same direction 
from the zero set, as that in which the zero of the vernier was turned in 
sighting the second object. 

In making a survey of a closed field with the transit, either the 
interior angles or the deflection angles may be measured. If the interior 
angles are measured, their sum should equal twice as many right angles 
as the field has sides, less four right angles. If the deflection angles are 
measured, the sum of all the right deflections should differ from the sum 
of all the left deflections by 360°. 

In either case the bearin<' of each line should be measured with the 
needle. The bearing of each line should also be computed by assuming 
the computed bearing of one line (generally the first) equal to its observed 
bearing, and then computing the bearing of each succeeding line from the 
deflection ani^le. If the computed bearing does not agree approximately 
with the ol)^f^rv«' 1 bearing, both should be remeasured to discover if any 
mistake has been made. 
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In Fig. 23, a, h, d, e, and / are right deflection angles ; c and g are left 
deflection angles. 

Areas may be determined from the computed bearings and the dis- 
tances in the same way as with compass surveys. 



^-..a 




Adjustments of the Transit. 

First. To make the plate bubbles parallel to the horizontal circle. 
Level the bubbles in the ordinary way ; then revolve the instrument half- 
way round. If either bubble runs toward one end of its fube, turn the 
adjusting screw at the end of the bubble tube till the bubble moves half- 
way back to the centre. Repeat the operation till the bubble will remain 
in the centre during a whole revolution of the instrument. 

Second. To adjust the line of collimation. This consists in placing 
the vertical cross-hair in the optical axis of the telescope, so that a 
straight line may be prolonged by revolving the telescope on its hori- 
zontal axis. 

Sight the telescope on some point A 200 to 300 ft. away, and 
clamp the spindle ; then revolve the telescope on its horizontal axis 
and locate a point B in the line of sight. Loosen the clamp and 
revolve the instrument on its vertical axis till A is. sighted. Clamp 
the spindle and again revolve the telescope on its horizontal axis, 
and note whether the line of sight strikes the point B. If it strikes to 
one side, call this point C. To adjust, move the cross-hair ring till the 
line of sight strikes a point one-fourth of the distance from C toward B. 
Test the correctness of the adjustment by repeating. To move the cross- 
hair ring, loosen the capstan-headed screw on one side of the telescope 
tube and tighten the opposite one. Unless the telescope is " inverting," 
the cross-hair ring must be moved in the direction opposite to what 
appears to be correct. 

Third. To make the axis of the telescope horizontal, so that the line 
of sight will move in a vertical line. Set up the instrument near some 
high object, as a steeple ; sight the high point and clamp the spindle. 
Depress the telescope and locate a point, in the line of sight, nearly on a 
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level with the telescope. Loosen the clamp ; revolve the instrument on 
its vertical axis and the telescope on its horizontal axis ; sight the low 
point and clamp the spindle. Raise the telescope and note if the line of 
sight strikes the high point. If the line of sight is to one side, the 
standard on the opposite side is too high, and the axis of the telescope 
must be moved till the line of sight moves half-way back toward the high 
point first sighted. To move the axis of the telescope, turn the screw 
under the bearing at one end of the axis. Repeat the operation in order 
to see if the adjustment has been correctly made. 



STADIA SURVEYING. 

In addition to the centre horizontal cross-hair in the telescope, most 
modern engineers' transits have two other horizontal hairs, situated at 
equal distances above and below the centre one. These are called stadia 
hairs. 

They are placed at such a distance apart that the distance intercepted 
by them, on a rod held vertical, is one-hundredth of the distance to the 
rod, from a point in front of the object-glass equal to the focal length of 
the telescope ; or, expressed in formula, 

d = 100 s 4-/4- c. 

d = distance from the centre of the instrument. 

s = space on rod intercepted by stadia hairs. 

/= focal length of telescope, i.e. distance from the object-glass to the 
cross-hairs = from three-fourths to one foot in most transits. 

c = distance from the object-glass to the centre of the instrument (= one- 
half foot, about). 

If the rod is not at the same level as the transit, and is still held ver- 
tical, the horizontal distance and the difference in elevation may be found 
by the following formulas : 

Horizontal distance = s cos^ v -h (c 4-/) cos v. 
Difference in elevation = s ^ sin 2 v 4- (/4- c) sin v. 
V = vertical angle (either elevation or depression). 

The difference in elevation given, is the vertical distance between the 
centre of the telescope and the point on the rod intercepted by the centre 
horizontal cross-hair. By sighting at a point on the rod equal to the 
height of the telescope, the difference in elevation between the surface 
of the ground at the instrument and at the rod is given. 
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The tables computed by Mr. Arthur Winslow of the State Geological 
Survey of Pennsylvania, give values of .soos" v and ^V s sin 2 v for angles 
from 0° to 30° with 5 = 1. By use of these tables the reduction of 
stadia notes is made quite easy. 

Example in Use of Tables. 

Vertical angle = -f 4° 28' (c +/) = 1 .2;") = c in table. 
Rod reading = 4.42 f t. 

Difference in elevation = 4.42 x 7.76 -f .10 = 34.40 ft. 
Horizontal distance = 4.42 x 99.39 + 1.25 = 440.55 ft. 

The stadia furnishes a very rapid method of measuring distances when 
an error of one part in four or five hundred is admissible. 

PUBLIC LAND SURVEYS. 

The larger part of the land north of the Ohio River and west of the 
Mississippi is laid out according to law, by lines running north and south, 
and east and west. 

The method is as follows : 

A principal meridian is run due north. At intervals of twenty-four 
miles north of latitude 35° and at intervals of thirty miles south of this 
latitude, standard parallels are run due east and west. At intervals of 
forty-two miles, lines are run north and south, connecting standard 
parallels. 

This divides the surface into figures shaped as shown in Fig. 24. 



Fig. 24. 



Each of these approximately rectangular plots, or checks, as they are 
called, is divided into townships which are six miles square, "as nearly 
as may be.'' The bounding lines of the townships are run as follows : 
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Starting at a, six miles from o (Fig. 25), run a line due north six miles to 
b, establishing section and quarter-section corners every one-half mile. From 
b run a random line toward c. c has been already established on the. prin- 
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Fig. 25. 



cipal meridian. In all probability the random line will not strike c ex- 
actly, but somewhere north or south of it. In this case the true line must 
be run from c to 6 by correcting each one-half-mile point established on 
the random line. In the same way run from b to d due north ; then a 
random line from d toward e ; then correcting this from e to d. 

When the line between the sixth and seventh township lines is run, a 
random line is run both east and west from iv toward x and y, and so on 
till the whole check is divided into townships. 

Each township is subdivided into sections numbered as shown in 
Fig. 26. 

Each section is divided into quarter-sections called respectively the 
N.E., X.AV., S.E., and S.W. quarter-section. 
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The lines of townships running east and west from a principal merid- 
ian are called townships. The lines of townships running north and south 
of a standard parallel are called ranges; thus 

N.E. i sec. 18 T. 3 N. R. 5 W. 

is the northeast quarter of section eighteen, in the township in the third 
line of townships north of a standard parallel, and the fifth range west 
of a principal meridian. 

Burt's solar compass, shown in Fig. 27, is the instrument commonly 
used in running lines on government surveys. 



This instrument is devised to determine a true north and south line 
by means of an observation on the sun. 

At a is the latitude arc, on which is laid off the latitude ot the place; 
b is the declination arc, on which is laid off the declination of the sun 
(corrected for refraction) at the time when the observation is made. 

The compass is then turned about on its vertical axis, and at the same 
time the arm h about the polar axis p, till an image of the sun, formed 
by a lens at g, falls between the four lines on the silvered plate at m. 
The polar axis p is then parallel to the axis of the earth, and the compass 
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sights are in a true north and south line. Do not confuse the false image, 
sometimes reflected from the arm h, with the true image formed by the 
sunlight passing directly from the lens to the silvered plate. The false 
image is much less bright, and its outline is less clearly defined than that 
of the real image. 

To determine the Declination of the Sun at Any Time and Place. 

The Nautical Almanac gives in advance the declination of the sun for 
apparent and for mean noon at Greenwich for each day in the year. It 
also gives the change in declination for one hour. By multiplying this 
change by the number of hours after noon and adding the result to or 
subtracting it from the declination at noon, according as the declination is 
increasing or decreasing, the declination for any time may be determined. 

Having the declination at Greenwich, the time when the declination is 
the same at any other place is known, if the difference between local and 
Greenwich time is known ; or, in other words, if the longitude is known. 
Eor example, the declination in New England at 7 a.m. is the same as it 
is at mean noon, of the same day, at Greenwich, since the longitude of 
New England is five hours west of Greenwich. The declination in the 
Middle States at 10 a.m. is the same as that at Greenwich at 4 p.m. of the 
same day, since their longitude is six hours west of Greenwich. 

When the declination is norths the correction for refraction is to be 
added to the declination obtained from the Nautical Almanac, and when it 
is south, the refraction correction is to be suhtrdcted, to g^ve the angle U) 
be laid off on the declination arc of the solar compass.^ 

Tables giving the correction for refraction for different hours of the 
day, for different latitudes, and for different declinations, have been com- 
puted. Those published by Messrs. W. & L. E. Gurley in their manual 
were prepared especially for use in connection with the solar compass. 



THE LEVEL. 

This instrument, shown in Fi^. 28. is u.v-d U) determine the difference 
in elevation of different stations. 

It consists essentially of a teleseo[>e, atta^.hed tr> the under side of 
which is a delicate spirit level. The whole, mounted on a trijxxi^ may Vje 
feeelv revolved about a vertical axis. 

The instrument is levelle^l by bringing the bubble intf> the centre of 
the tube when sueeessively parallel to one set of opj>^/ftite le veiling-screws 

* This is tru*r for plac^u iiortli of tb*; <;qixau>r ; fttt j>la/;<s» mj^iXU of tUe e'^^xator Xhk 
words north and nfjuth gbould \j^ ifiWrchari^ed- 
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and then parallel to the other set. The levelling-rod, two forms of 
which are shown in Fig. 29, is used to measure the distance down from the 
level line of sight to any point the elevation of which is desired. 



To determine the difference in elevation between two points, the in- 
strument is set between them and levelled, and the distance of each point 
below the line of sight detei-mined. The difference between these dis- 
tances is the difference in elevation. 

To determine each of these distances, the rodman holds the rod on one 
of the points, and moves the target up, or down, as directed by the leveller, 
till the horizontal line on the target exactly coincides with the line defined 
by the horizontal cross-hair in the telescope. He then records the rod 
reading. The i-od is then taken to the second point, the telescope is re- 
I'olved on its vertical axis till the rod is sighted, the target is again set, 
and the rod readini? taken. The leveller should see to it that the bubble 
is in the centre of the tube at the instant of sighting, as the fact that the 
instrument has been once levelled will not insure its remaining so. If, 
for any reason, the difference in elevation of the two points cannot be 
determined by a single setting of the instrument, determine successively 
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the difference in elevation of a number of intermediate points, as shown 
in Fig. 30. 

The algebraic sum of these differences is the difference in elevation. 

Profile LevelltBg. 

In order to make a profile of the surface of the 
ground along any given line, elevations are taiien > 
at equal (generally 100 ft.) intervals. The elevar 
tions are measured above an assumed horizontal 
plane called the datum, plane. This plane should be 
below the lowest point on the surface, to avoid nega- 
tive readings. 

A bench-mark (B. M.) is some permanent mark, 
the elevation of which has been determined and 
recorded together with a description, by which it 
may be found at any time. 

A height of instrument (H. of I.) is the elevation 
of the line of sight through the level above the 
datum plane. It is found by adding a back-sight to 
the elevation of a bench-mark or turning-point A 
back-sight or + sight {B. S.) is a rod reading taken 
on a bench-mark or turning-point, and is used to 
determine the height of instrument, A fore-sight, 
or —sight (F. S.) is a rod reading taken on a point, 
the elevation of which is to be determined. This 
elevation is determined by subtracting the fore-sight 
from the height of instrument. 

A lurning^int (T. P.) is a point on which both 
a back-sight and a fore-sight are taken. It is used 
to determine a new height of instrument. A turn- 
ing-point should be solid, and not one whose eleva- i 
tion can be changed by pressure of the rod while 
the sights are being taken. 

To determine the elevations for a profile, stakes 
are first set along the line at intervals of 100 ft., 
and numbered 0, 1, 2, 3, etc, to the end of the fm. jj. 

line. 

The level is set near the station, and a back-sight is taken ou tlie 
nearest bench-mark. Fore-sights are then taken on as many stations as 
can be reached from that setting of the level. A turning-point is then 
chosen and a fore-sight taken on it. The level is then can-ied forward 
along the line and set up again and levelled. A back-sight is then taken 
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on the turning-point, a new height of instrument determined, and then 
fore-sights are taken on as many more stations as may be sighted from 
this new position of the level. In this way the work is carried on till the 
end of the line is reached. 




Fig. 80. 



The following is a set of profile level notes : 



station. 


B. 8. 


H. of I. 
114.900 


P. S. 


Elevation. 


B. M. 


7.20G 




107.694 









4.2 


110.7 


1 






5.1 


109.8 


2 






6.3 


108.6 


3 






4.9 


110.0 


T. P. 


5. 182 


116.210 


3.872 


111.028 


4 






4.2 


112.0 


+ 40 






5.7 


110.5 


5 






2.7 


113.5 


6 






1.8 


114.4 


B. M. 






0.987 


115.223 



Figure 31 shows a profile plotted from the above notes. 
In this way profiles for railroad lines, water-pipe lines, highways, etc., 
are determined. 




Whenever excavation or filling is to be made over considerable areas, 
as in excavating for reservoirs, filling marshes, etc., the amount of material 
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to be moved may be determined by what is known as cross-sectioning the 
area. This is done by running transit lines at right angles to each other 
to divide the field into squares, and then determining the elevation at 
each intersection. From these elevations, and the area of the total number 
of squares, the amount of material above any plane may be computed by 
multiplying the area of each square by the mean of the heights of the 
four corners above the given plane. 
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Let Fig. 32 represent a piece of land 100 ft. square, and the figures at 
each corner the elevations in feet ; then the cubic contents above a two- 

foot horizontal plane are —^ — — — ^!^ x 100 x 100 cu. yds. 

When there are a large number of squares, take the sum of the heights 
at all of the corners common to one square, plus twice the sum of the 
heights at all the corners common to two squares, plus three times the. 
sum of the heights at all the corners common to three squares, plus four 
times the sum of the heights at all of the corners common to four squares; 
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divide the result by 4, multiply by the area of one square, and the result 
is the contents in cubic feet. Divide by 27 to reduce to cubic yards. 
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Figure 33 represents a plot of land, the area of each square being 
100 ft. The figures at the corners are the elevations in feet. The vol- 
ume in cubic yards above a zero plane is : 

Tt P\ Ad I 

Adjustments of the Wye Level. 

First. The adjustment of the line of collimation. This consists in 
placing the intersection of the cross-hairs in the centre of the wye-rings. 
Loosen the clips that hold the telescope in the wyes. Sight the vertical 
cross-hair on some well-defined line 200 to 300 ft. away, and clamp 
the spindle. Turn the telescope half-way round in the wyes and note 
if the vertical cross-hair still coincides with the liue first sighted. If 
it does not, bring the line of sight half-way back to this position by 
moving the cross-hair ring as is done in adjusting the line of collimation 
in the transit. Adjust the horizontal cross-hair in the same way. When 
this adjustment is made, the intersection of the cross-hairs will remain on 
a point while the telescope is turned through a whole revolution in the 
wyes. 

Second. To make the bubble parallel to the line of sight. Bring the 
telescope parallel to two opposite levelling-screws and clamp the spindle. 
Bring the bubble into the centre of the tube by turning the levelling-screws, 
and then turn the telescope a few degrees in the wyes. Should the bub- 
ble move toward one end of the tube, it would show that a vertical plane 
through the axis of the telescope is not parallel to a vertical plane through 
the bubble tube. To correct this, move the bubble to the centre by turn- 
ing the two capstan-headed screws, giving a horizontal motion to one end 
of the bubble tube. 

Repeat if necessary, till the bubble will remain in the centre when the 
telescope is revolved in the wyes five or ten degrees either side of its 
normal position. Next reverse the telescope in the wyes, and note if the 
bubble moves towards one end of the tube. If it does, that end is too 
high and must be lowered, or the opposite one raised, till the bubble takes 
a position half-way back toward the centre. This is done by turning the 
capstan-headed screws, giving a vertical motion to one end of the bubble 
tube. 

Third. To make the line of sight and the bubble at right angles to the 
vertical axis of the instrument. Fasten the clips holding the telescope 
in the wyes ; bring the bubble parallel to two opposite levelling-screws, and 
level ; revolve the instrument 180° on the vertical axis, and if the bubble 
moves toward one end of the tube, turn the capstan-screws at the end of 
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the wyes till the bubble moves half-way back to the. centre. Eelevel, and 
repeat the operation to test the adjustment. 

Contour lines are lines connecting points of equal elevation. 

A shore line of a pond represents a contour line. If the water in the 
pond should rise a given amount, as 10 ft., then that shore line would 
represent another contour line 10 ft. higher than the first. 

Contour lines furnish an easy and accurate way of representing on a 
map the relief of a region. 

Such maps are valuable for many engineering purposes, among which 
are, location of routes for roads, railroads, water-pipes, aqueducts, mili- 
tary movements, etc. 

Contour maps on a small scale are often made by interpolating the 
contour lines on a plot that has been cross-sectioned as shown in Fig. 84. 
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The navigator, and sometimes the surveyor, needs a knowledge of as- 
tronomy sufficient to enable him to determine his position (latitude and 
longitude) on the surface of the earth. In the case of the navigator the 
error should not exceed the distance from the ship's deck to the horizon 
line, a distance seldom exceeding five or six miles. 

The zenith is the point vertically above the observer, and is 180° from 
the direction taken by a plumb-bob. 

The nadir is the point vertically underneath the observer, and lies in 
the direction taken by a plumb-bob at rest. The zenith and nadir change 
with every change in the observer's position. 

The plane of the horizon is a plane passing through the observer's 
position, and everywhere at right angles to the direction of the zenith. 
Planes at right angles to the plane of the horizon, and containing the line 
connecting the zenith and nadir, are called planes of altitude. 

The two celestial poles are the points where the axis about which the 
earth revolves, would, if produced, pierce the heavens. The one which 
is above the horizon in the northern hemisphere is called the no7ih celestial 
pole ; the other is called the south celestial pole. 

The two poles are independent of the observer's position. 

The circle in which a plane passing through the earth's centre, and at 
right angles to the line connecting north and south poles, cuts the surface 
of the earth, is called the terrestrial equator. If this plane be extended, 
the circle in which it cuts the heavens is called the celestial equator. 

Hour circles are circles containing the line connecting the poles and 
at right angles to the plane of the equator. 

The plane containing the hour circle passing through the zenith inter- 
sects the horizon in its north and south points. 

The altitude of a point is its angular distance above the horizon, meas- 
ured in a vertical circle passing through the point. The zenith distance 
is the complement of the altitude. 

The azimuth of a point is the angle at the zenith between the meridian 
and a vertical circle passing through the point. Azimuth is generally 
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measured from the south through the west, north, and east, from 0° to 
360°. 

The declination of a point is its angular distance from the equator 
measured on an hour circle passing through the point. Declination is 
considered positive when the point is north of the equator, and negative 
when south of it. Polar distance is the complement of the declination. 

The hour angle of a point is the angle at the pole between the meridian 
and the hour circle passing through the point, or it may be defined as the 
arc of the equator intercepted by these two circles. Hour angles are usually 
measured from the south point of the equator from 0° to 360°, or from 
zero hours to twenty-four hours in the direction of the motion of the 
hands of a watch. 

The latitude of a point on the earth's sui-face is equal to the altitude 
of the pole. The observer's latitude is considered positive when he is 
north of the equator, and negative when south of it. 

Longitude is the distance east or west of any assumed meridian. The 
meridian passing through the Greenwich, England, observatory is the one 
commonly used. Longitude is measured 180° or twelve hours east and 
west of the assumed meridian. 

The Nautical Almanac is a book, published by the government, which 
contains, among other data, the right ascensions and declinations of the 
sun, moon, planets, and certain fixed stars, the semi-diameters of the sun 
and moon, and the equation of time for Greenwich apparent and mean 
noon of each day in the year — all computed several y^ars in advance. 

The following is taken from the tables giving data in regard to the 
sun: 



JULY, 1896, AT GREENWICH APPARENT NOON. 



Day of the 

Week. 


1 

2 
3 

4 
5 
6 


The Sun's 


Equation of 
Time to be 
added to Ap- 
parent Time. 


Difference for 
One Hour. 


Apparent 

Right 
Ascension. 


DiflTer- 

ence for 

One Hour 


Apparent 
Declination. 


Differ- 
ence for 
One Hour 


Semi- 
diameter. 


Wednesday, 
Thursday . 
Friday . . 

Saturday . 
SUNDAY. 
Monday . . 


h. m. 8. 
6 43 49.95 
6 47 57.80 
6 52 5.38 

6 56 12.68 

7 19.65 
7 4 26.29 


s. 
10.332 
10.321 
10.310 

10.297 
10.284 
10.269 


o ' " 

N23 4 19.8 
22 59 48.2 
22 54 52.5 

22 49 32.7 
22 43 49.1 
22 37 41.7 


1 1 

-10.81 
11.82 
12.82 

-13.82 
14.81 
15.80 


1 II 

15 46.16 
15 46.15 
15 46.15 

15 46.15 
15 46.16 
15 46.17 


m. s. 
3 40.69 

3 51.95 

4 2.94 

4 13.64 
4 24.03 
4 34.09 


s. 
0.474 
0.463 
0.452 

0.439 
0.426 
0.412 
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The lextant shown in Fig. 35 is a hand instrument for measuring 
angles. Since it does not require a rigid support, it is particularly 
adapted to measuring angles from a ship at sea. 



The construction of the sextant depends upon the principle of optics, 
that if a ray of light be twice reflected from two plane mirrors, its angu- 
lar change in direction is equal to twice the angle of the mirrors. 

At / (Fig. 36) is the index glass which rotates with the arm IV. This 
arm eai-ries at T'' a vernier which moves along the graduated are AB. At 
H is the horizon glass, one half of which is silvered and the other half clear. 




A ray of light coming from the direction iS is reflected from / and H, and 
enters the eye at E. As the arm IV is moved along the arc, the image of S 
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travels across the mirror at JET. When the image is seen exactly in the 
line S'Ey which is the path of a ray of light from >S" through the clear 
part of the glass at H, the angle of the mirrors is one-half the angle SES'. 
The arc AB is so graduated that any angle, as SES\ may be read directly 
by the vernier at F. 

To prove that SES' = twice the angle between the mirrors, draw DC 
perpendicular to the mirror at J, and HC perpendicular to the mirror at 
H. Then DCH = angle between the mirrors. 

ZSES' =2x-2y; 

Z.DCH =a?-2/; 
.-. SES' = 2 DCH. 

If the two mirrors are not parallel when the vernier reads zero there 
is an index error. This error is a constant correction which must be 
made to all angles measured with the instrument. 

To determine the index error, measure the angular diameter of the 
sun by bringing the discs of the two images in contact. 

Call the diameter of the sun d, the sextant reading r, and the index 
error e. 

Then d = r -{-e. 

Now move the vernier till the discs are again in contact, the image 
that was first above being now underneath. 

The zero of the vernier will now i robably be back of the zero of the 
circle. 

( 'all this reading — r'. 

Then _ r/ = — r' -f- e. 

Hence e = 

In order to obtain the true altitude of a heavenly body, the observed 
altitude measured with the sextant must be corrected for dip, parallax, 
refraction, and, in the case of the sun or moon, for semi-diameter. 

Dip. 

Altitudes at sea are measured from the visible horizon, which is 
below the tryie horizon an amount depending upon the height of the 
observer above tlie surface of the water. 

Let OH (Fig. 37) be the true horizon, and OH the visible horizon. 
OA = a = the observer's height above the water. AC = BC = R = mean 
radius of the earth = 20,900,000 ft. approximately. HOH = ACS = D = 
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the dip of the horizon. Tan Z> = ^ = ^^ -^^ -^ ^'^ = J^ + ^. ^ is 

very small and may be neglected. The angle D is also small, and may be 
taken as D tan 1'. Substituting, we have 



I) in minutes = 



tanl' 3233 
.94 Va, 



Va 




Fie. 87. 

or the dip in minutes iS approximately the square root of the observer's 
height in feet above the water. 

The correction for dip must be subtracted from the observed altitude 
to give the true altitude. 

Parallax. 

The difference in direction of a heavenly body as seen by an observer 
on the earth's surface and as it would be seen from the earth's centre 
is called parallax. 

The magnitude of the parallax depends upon the altitude of the 
heavenly body and the ratio of the earth's radius to the distance of 
the heavenly body. The horizontal parallax is the parallax when the 
heavenly body is in the horizon. It may be found as follows : 

B A 




Fig. 8s. 



Let P (Fig. 38) = horizontal parallax, AC = the earth's radius, BC 
the distance of the heavenly body from the earth's centre. 

AC 



SinP = 



BC 
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The parallax of a heavenly body in any other position may be found 
as follows : Let ZAB (Fig. 39) be the observed zenith distance. ABC = i> 
= parallax ; 




Fig. 39. 



then 



EC. AC',: sin BAZ : sin ABC, 

sin BAZ X AC 



sin ABC = 



BC 



AC 
BC 



= horizontal parallax. Substituting this, we have 



sin^ = sin P sin BAZ. 

Both p and P are small ; therefore we may without excessive error assume 

pepsin BAZ, 

or the parallax in any position is equal to the horizontal parallax into the 
sine of the observed zenith distance. 

The correction for parallax must be added to the observed altitude to 
give the true altitude. The parallax of the sun is small, never exceeding 
9", and in this work is neglected. 

Befraction. 

A ray of light coming obliquely through the atmosphere is bent out 
of a straight line so that the observer sees a heavenly body above its true 
position. 

Let SO (Fig. 40) be the direction of the ray before refraction, and OS'^ 
that of the refracted ray ; then, from the laws of refraction, OS, OZ, 0/S" 

lie in the same plane, and — is constant for the same media, 

^ ' sin Z'OS" ' 

whatever the angle SOZ. Call this ratio i ; then sin (x-\-y)=. i sin a?, 

sin X cos y -j- cos x sin y = % sin x. 
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The angle of refraction y is small, and sin y = y approximately, and 
cos y = \ approximately. Substituting these values, 

sin ic 4- y cos a: = i sin x, y = (i — 1) tan x. 

Let Y equal the refraction when ZOS = 45° ; then tan x = l and Y= i — 1. 
Substituting these values we have, 

y = Y tan x ; 

or the refraction for any zenith distance is equal to the product of refrac- 
tion at 4o° into the tangent of the observed zenith distance. 
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With the barometer at 30 in. and the thermometer at 50° F., the 
refraction at 45° is 58.2". 

For all altitudes of 20° or over measured with a sextant or engineer's 
transit it is permissible to take the refraction correction in minutes equal 
to the natural tangent of the observed zenith distance. For altitudes less 
than 20° the correction obtained in this way will be too large. 

If the altitude of a heavenly body is measured with a sextant, the true 
altitude = observed altitude — dip -f- parallax — refraction. 

If the transit is used, there is no correction for dip. 

When the body observed is the sun or moon, the altitude of one limb 
is measured, and the angular semi-diameter must be added or subtracted 
according as the lower or the upper limb is observed. 



To find Latitude. 

First By observation on a circumpolar star at upper or lower culr 
mination. 

Let P (Fig. 41) represent the pole, S' a circumpolar star at upper 
and S a circumpolar star at lower culmination. 
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Let h' = S'H' = the true altitude of S', and h the true altitude of S. 
Let d = QS' = the declination ; then latitude = h +(90° — d) for lower 
culmination, and latitude = h' —(90° -^ d) for upper culmination. 

The latitude may also be found by observing, when possible, the alti- 
tude of a circum polar star at both upper and lower culmination, and 
taking one-half the sum. 

Double latitude = A + (90°- d) + h'- (90°- d), or latitude = ^ (/i + h"). 
In this case it is not necessary to know the declination. 
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For the greater part of the year this observation cannot be taken, 
because one of the culminations occurs during daylight. 

Example. — The altitude of Polaris at upper culmination, as observed 

with an engineer's transit, was 45° 28'. Declination = 88° 45' 15"; what 

was the latitude ? 

45°28' = obs. alt. 

01' = refr. cor. 



45° 27' = true altitude. 
88° 45' 15" 



134° 12' 15" 
90° 



44° 12' 15"N. = latitude. 

Second. By observing the meridian altitude of any star. 

In the northern hemisphere the meridian altitude of any star that cul- 
minates south of the zenith, minus its declination, is equal to the altitude 
of the equator. This is the complement of the latitude. If the star cul- 
minates north of the zenith, (180° — /i) must be substituted for the altitude. 

Example. — The observed meridian altitude of the sun's lower limb, 
as measured from the visible horizon at sea, was 33° 22' 30"; sun's semi- 
diameter, 16'; height of eye above surface of water, 16 ft. ; sun's declina- 
tion south, 13° 03'. Required latitude. 
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33°22'30"obs. alt. 
1^30^^ ref r. cor. 
33° 21' 

04^ cor. for dip. 
33° 17' 

16' sun's diam. 

33° 33' true altitude of sun's centre. 
— 13° 03' sun's declination. 
46° 36' = CO. latitude. 

43°24'N. = latitude. 

Third, By the altitude of the sun or a star in any position, the time 
being known. 

Z 
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This requires the solution of a spherical triangle. Let S (Fig. 42) 
represent the position of the sun or a star whose altitude has been 
measured. In the triangle ZSP, 

ZS = 90° - altitude, 

SP = 90° - declination, ^ 

ZP = 90° - latitude, 

and the angle ZPS = 360° — time expressed in degrees. Therefore in the 
triangle ZSP we have two sides, and the angle opposite one of them given, 
to find the third side, which is the complement of the latitude required. 

Time. 

Apparent time is the time of the true sun. 

An apparent solar day is the interval of time between two successive 
transits of the sun over the same meridian. 

Because the motion of the earth about the sun is not uniform, and also 
because it moves in the plane of the ecliptic instead of that of the equator, 
solar days are not of the same length, the greatest variation being about 
sixteen minutes. 
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To obviate this difficulty, an imaginary sun is supposed to revolve in 
the equator, about the earth, in the same time that the real sun appears 
to revolve in the ecliptic : this latter gives uniform motion. 

A mean solar day is the interval of time between two successive transits 
of this imaginary sun over the same meridian. The equation of time is the 
time that has to be added algebraically to apparent time to give mean time. 

The civil day begins at midnight, and is divided into two parts of 
twelve hours each. The astronomical day begins at noon of the civil day, 
and is divided into twenty-four hours. 

To change from civil time to astronomical time : If it is a.m. civil time, 
subtract one day and add twelve hours ; if it is p.m., omit the p.m. 

To change apparent time to mean solar time: Add algebraically the 
equation of time to apparent time, and the result is mean solar time. 

To determine local time by observing the altitude of the sun in the morn- 
ing or afternoon, the latitude being known: In Fig. 42, let S represent 
the sun, the altitude of which has been measured, Z the zenith, and P the 
pole. In the triangle ZSP, aSZ= 90° - altitude, PS = 90°- declination, 
and PZ = 90° - latitude. 

Let h = altitude, I = latitude, d = declination, and z = zenith distance ; 



then sin ^ SPZ Jsi^ K^ + (^ - rf)] BJ" j [^ - (^ - d)]. 
^ ^ cos I cos d 

The angle SPZ is the hour angle if the altitude is measured in the 
afternoon. If the altitude is measured in the morning, the hour angle is 
360° minus the angle obtained by the solution of the triangle. The hour 
angle changed to hours, minutes, and seconds is local apparent time, which 
may be changed to mean local time by adding the equation of time. 

Example. — Aug. 11, 1894, a.m. In latitude 42°30'N. the observed 
altitude of the sun's lower limb was 38° 19' ; height of eye, 25 ft. ; 
sun's declination, 15° 12' N. ; semi-diameter, 16'; equation of time, 
-I- 5 ™' 01 '•. Required local time. 

42° 30' = Z colog cos = 0.1324 

15° 12 ' = d colog cos = 0.0155 



38° 19' 


27°18'=(Z-(Z) 






5' dip. 


51°32'-^ 






1' refr. cor. 


2)78° 50' 






38° 13' 


39° 25' -^[;2 + (Z-d)] 




log sin = 9.8027 


16' semi-diam. 


2)24° 14' 






38°28'=/i. 


12°07' = -J[2;-(Z-d)] 




log sin = 9.3220 

2)9.2726 






log 


sin -i SPZ = 9.6363 



^ SPZ =2o°SS\9 
>SPZ= 51° 17 '.8. 



44 ASTRONOMY AND NAVIGATION. 

360^ - SPZ = 308° 42 '.2 = 20 h. 34 m. 49 s. 

_: 3 h. 34 m. 49 .. ^ j^ appajPent time 

01 eq. of t. 

8 ^' 39 ™- 50 *• A.M. mean local time. 

Ans. 

Aug. 6, 1894, P.M. In latitude 42° 30' N. the observed altitude of the 
sun's upper limb was 32° 55'; height of eye, 16 ft.; sun's declination, 
16°32'N'. ; semi-diameter, 16'; equation of time, -f 5"'-39"'. Kequired 
mean local time. 4 ^- 08 ""- 21 "•. Ans, 

To establish a Meridian Line by an Observation ou the North Star 
(Polaris) at Elongation. 

Polaris appears to revolve about the pole in a small circle in a little 
less than twenty-four hours. When at its extreme, east or west point, it 
is said to be at elongation. Fifteen or twenty minutes before the star 
gets to its elongation, set up the transit at one end of the line to be es- 
tablished and sight on the star. The star will move toward the east if 
the elongation is east, and toward the west if the elongation is west. 
When the star reaches its greatest elongation, it will move vertically along 
the cross-hair for some time, and then leave it in a direction opposite to 
its former motion. As long as the star moves toward the point of its 
elongation, the cross-hair must be kept sighted on it, by turning the tan- 
gent screw. When the point of elongation is reached, the line defined by 
the transit must be established on the ground, by driving a stake or spike 
in this line at some point 100 to 200 ft. from the transit. 

To establish a meridian, lay off from this line the azimuth of Polaris, 
to the right if west elongation was observed, and to the left if east elon- 
gation was observed, the transit being set over the south end of the line. 

To find Azimuth. 

, , sin polar distance 
sin azimuth = ±- — 

cos latitude 

It is necessary to luminate the cross-hairs when observing at night. 
This is done by means of a lantern, and a reflector made to fit over the 
object-glass end of the telescope. 

A temporary reflector may be made by fastening over the object-glass 
end of the telescope a piece of oiled paper, leaving a hole one-fourth to 
one-half inch in diameter over the centre of the object-glass. 

The times at which the elongations of Polaris occur are given in Bul- 
letin No. 14, published by the United States Coast and Geodetic Survey, 
at Washington. 
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NAVIGATION. 

There are two ways by which the navigator determines the position of 
his vessel at sea : by dead reckoning and by observation. 

In navigation by dead reckoning the courses and distances run are 
measured by the compass and log. 

In navigation by observation the position is determined by observing 
the altitude of the sun or some other heavenly body. 

The mariner's compass, shown in Fig. 43, consists of a circular card 
divided into thirty-two equal parts called points. Attached to the under 




side of the card, in the direction of its north and south line, is a mag- 
netic needle, supported at its centre on a pivot. Both swing in gimbals 
in a box, so that the card remains horizontal whatever the inclination of 
the ship. On the inside of the box are two points, a and b, the line con- 
necting which is parallel to the ship's keel ; so that if a is toward the 
bow, the point on the card opposite it will give the ship's course. 

Each of the thirty-two points are subdivided into quarter-points. 
Naming the points in order from the north through the east, south, and 
west, is called boxing the compass. 

The compass gives the magnetic course. In order to determine the true 
course, the magnetic course must be corrected for variation and deviation. 
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Variation of the mariner's compass is the angle that the needle makes 
with the true meridian. It is the same as declination of the surveyor's 
compass. 

Deviation is the change in the direction of the pointing of the needle 
caused by the iron and steel used in constructing the ship. Deviation 
changes with the direction in which the ship is headed. It is generally 
counteracted as much as possible by placing permanent magnets near the 
compass. 

Leeway is the angle which a vessel's course makes with her keel. It 
is caused by the wind sliding the vessel to leeward. 

Although leeway is not a compass error, the effect is the same as if it 
were, and the compass course must be corrected for it, to give the true 

course of the ship. 

west • left 

When the variation is ., the true course is to the • , . of the com- 
pass course. The same rule applies in correcting for deviation. 

The correction for leeway on the , tack is the same as for , 

variation. 

starboards. , , . ^^_ ,. ^ ,i . ., right i 



A ship is on the ' , tack when the wind blows 

of the ship. 



on 



left 



Compass Course. 


Variation. 


Deviation. { Leeway. 


True Course. 


W.S.W. 

N. by E. 
N.W.JN. 


Ipt.w. 

Ipt.E. 
2^pt8.W\ 


iPt.w. 

Jpt.W. 
ipt.E. 


} pt. port. 
I pt. starb. 
i pt. starb. 


S.W.byW.i-W. 
N. by E. i E. 
W.N.W. 



The common log consists of a reel, line, and chip. The chip (Fig. 44) is 
a flat piece of wood shaped like a sector of a circle, weighted with lead on its 
curved edge to make it stand upright in the water. A jerk on the line 




Fig. 44. 



will free the two lower cords at the toggle, causing the chip to lie flat, so 
that it may be easily hauled aboard. With this log a sand-glass is used 
to measure the time. The line is graduated to the same part of a knot as 
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the part of an hour measured by the sand-glass. This makes the knot 
47' 4" long when a twenty-eight-second glass is used. Vessels going at 
high speed use a fourteen-second glass. 

The patent log is an instrument fitted with curved blades, shaped 
somewhat like a ship's propeller, which cause it to revolve when drawn 
through the water. The number of revolutions are registered on a dial, 
which is graduated so as to record the revolutions per minute in knots per 
hour. 

The log gives the speed of the vessel in relation to the water. If 
there are currents, then the speed indicated by the log must be corrected ; 
i.e. if sailing against a current, deduct its speed from that given by the 
log ; if sailing with the current, add its speed. 

In a head wind the log is apt to overrate, and vice versa. 

A knot is equal to one minute (!') of latitude, or to one minute of 
longitude at the equator. Thus if a vessel sails due N. 60 knots from 
latitude 40° S., she will arrive in latitude 39° S. Since all meridians con- 
verge, a knot is equal to a minute of longitude only at the equator. 

The difference in longitude in minutes of angle may, however, be found 
when sailing due E. or W., by dividing the distance in knots by the cosine 
of the latitude. 



Fm. 45. 

Let P (Fig. 45) be the pole, EQ an arc of the equator, XFa parallel in 

latitude EX; then ZECX = ZCXD = latitude = Z. Cos CXD = ^; or 

DX 

cos L = — -—• E = radius. 

E 

Since similar arcs are to each other as their radii, 

EQ: XY:: E: E cos L. 

XY 

Hence EQ = But EQ is the difference in longitude, and XF is 

cos L 
the distance sailed E. or W. 
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A ship sails «55 knots due £. from latitude 40. longitude 65 W. Find 
her longitude, 

oo 



.766 



= 72' = r 12'. 65'' - 1° 12' = 63** 48' W. 



An^. 



Middle Latitude Sailing. 

If a vessel sails on any course other than a meridian or parallel 
the new position may be found by computing the latitude and de- 
parture in the same way that they are computed in compass surveys. 
The latitude gives the distance sailed X. or S. of the starting-point, 
and the departure the distance E. or W. In like manner, if a vessel 
sails on several courses, the algebraic sum of all the latitudes gives 
the distance sailed N. or S., and the algebraic sum of all the departures 
gives the distance sailed E. or W. If the distances are in knots, the 
algebraic sum of the latitudes is the difference of latitude in minutes of 
angle. To determine tlie difference in longitude, the algebraic smn of the 
departures must be divided by the cosine of the latitude ; but the course 
sailed was not on any one parallel of latitude. We may, however, deter- 
mine the difference in longitude by dividing the departure by the cosine of 
the mean of the latitudes of the two ends of the course; or, in other 
words, by dividing the departure by the cosine of the middle latitude. This 
will give the difference in longitude somewhat less than the true difference. 
In low latitudes, where the difference in latitude of the two ends of the 
course is not great, the error is small. 

A vessel sails from lat. 40° 28' N., long. 74° 01' W., as follows : 

E. by N 10 knots, 

E.S.E 20 " 

S.E. by E 26 " 

S.S.W 15 " 

Require her lat. and long. 



Couree. 


Angle. 


1 

1 Distance. 
Knots. 

1 


Latitude. 


Departure. 


N. 


9. 


E. 


w. 


E. by N. 


78° 45' 


1 10 


1.95 




9.81 




E.S.E. 


67° 30' 


1 20 




14.44 


21.62 




S.E. by E. 


56° 15' 


26 




7.65 


18.48 




S.SiW. 


22° 30' 


15 




13.86 




5.74 


' 






1.95 


35.95 


49.91 


5.74 






Diff. in lat. 


in min. = 


1.95 


5.74 




= 34.00 


44.17 
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40° 28' - 34' = 39° 54' N. = latitude. 

40° 11' = middle latitude, cos = .7640. 

' = 58' = diff. in long, in minutes. 

74° 01' - 58' = 73° 03' W. = longitude. 

A chronometer is a well-made and nicely adjusted timepiece swung in 
gimbals and set to Greenwich time. 

The rate of a chronometer is the amount of time that it gains or loses 
in a day. 

The difference between the chronometer time and Greenwich time and 
the rate of the chronometer are determined when in port. Knowing these, 
the Greenwich time may be determined, when desired, during the voyage. 

On June 12 a chronometer compared with Greenwich time was 2 '"• 14 '• 
fast; its rate was 1.1 "• losing. What was the Greenwich time correspond- 
ing to 4 ^- 40 ™- 17 ' June 20 ? 

8 X 1.1" =9" -. 2°^14» -9' =2"^-5'-, 

4 ^- 40 ™- 17 " — 2 ™- 5 •• = 4 ^- 38 "• 12 «• Greenwich time. 

Since position determined by dead reckoning is always liable to error, 
it is customary to determine the position of a ship by observation, daily if 
possible. 

In determining the position of a ship by observation, the latitude is 
found by measuring the meridian altitude of the sun, as explained in the 
chapter on astronomy. 

The longitude is determined by measuring the altitude of the sun 
when it bears nearly E. or W., and computing local time. The ship's 
chronometer gives Greenwich time. The difference between these is the 
difference in longitude. The longitude is W. if the Greenwich time is 
later than the local time, and E. if it is earlier. 

The change in latitude during the interval of time between the obser- 
vation for latitude and that for time is found by dead reckoning. It is 
necessary to compute this in order to get the latitude to be used in solving 
for time. 

On Feb. 28, 1896, at 21*'-40'"- approximate Greenwich time, the 
observed meridian altitude of the sun's lower limb was 33° 36' 30", the 
sun bearing south. Height of eye above the sea 20 ft. ; sun's declination 
7° '41' 30" S. ; semi-diameter 16'. ' Required the latitude. 48° 32' N. Ans. 

On May 20, 1896, at 22^- 20"* approximate Greenwich time, the 
observed meridian altitude of the sun's lower limb was 68° 12' 30", tne 
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sun bearing south. Height of eye 25 ft; sun's declination 20°20'N. ; 
semi-diameter 16'. Kequired the latitude. 4:1° 57 ' 1^ . Ans. 

On Sept. 29, 1896, at 0^ 20'"- approximate Greenwich time, the 
observed meridian altitude of the sun's upper limb was 63° 25', the sun 
bearing north. Height of eye 20 ft. ; sun's declination 2° 43' S. ; semi- 
diameter 16'. Kequired the latitude. 29° 39' S. Aiis. 

On March 11, 1896, a.m., in latitude 47° 28' N., the observed altitude 
of the sun's lower limb was 26° 25'. The corresponding Greenwich time 
was 23^- 31"- 14"-. Height of eye 25 ft.; sun's declination 3° 24' S.; 
semi-diameter 16'; equation of time -\-9^- 59*-. Required the longitude. 

2 ^- 14 "«• 30 • W. Alls. 

On Sept. 6, 1896, in latitude 36° 18' N., the observed altitude of the 
sun's lower limb was 33° 14'. The corresponding Greenwich time was 
17 h. 20 ni. 41.., Height of eye 20 ft; sun's declination 6°16'N.; semi- 
diameter 16'; equation of time — 1 *"• 51 *. Required the longitude. 

10 ^- 08 ™- 08 «• E. Ans. 
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M. 


00 


10 


2o 


30 




hor. dist. 


diff. elev. 


hor. dlat. 


diff. elev. 


hor. dist. 


diff. elev. 


hor. dist. 


diff. elev. 


0' 


100.00 


0.00 


99.97 


1.74 


99.88 


3.49 


99.73 


5.23 


2 


100.00 


0.06 


99.97 


1.80 


99.87 


3.55 


99.72 


6.28 


4 


100.00 


0.12 


99.97 


1.86 


99.87 


3.60 


99.71 


6.34 


6 


100.00 


0.17 


99.96 


1.92 


99.87 


3.66 


99.71 


5.40 


8 


100.00 


0.23 


99.96 


1.98 


99.86 


3.72 


99.70 


5.46 


10 


100.00 


0.29 


99.96 


2.04 


99.86 


3.78 


99.69 


5.52 


12 


100.00 


0.35 


99.96 


2.09 


99.85 


3.84 


99.69 


5.57 


14 


100.00 


0.41 


99.96 


2.15 


99.85 


3.90 


99.68 


5.63 


16 


100.00 


0.47 


99.96 


2.21 


99.84 


3.95 


99.68 


5.69 


18 


100.00 


0.52 


99.96 


2.27 


99.84 


4.01 


99.67 


5.75 


20 


100.00 


0.58 


99.96 


2.33 


99.83 


4.07 


99.66 


6.80 


22 


100.00 


0.64 


99.94 


2.38 


99.83 


4.13 


99.66 


6.86 


24 


100.00 


0.70 


99.94 


2.44 


99.82 


4.18 


99.65 


6.92 


26 


99.99 


0.76 


99.94 


2.50 


99.82 


4.24 


99.64 


6.98 


28 


99.99 


0.81 


99.93 


2.56 


99.81 


4.30 


99.63 


6.04 


30 


99.99 


0.87 


99.93 


2.62 


99.81 


4.36 


99.63 


6.09 


32 


99.99 


0.93 


99.93 


2.67 


99.80 


4.42 


99.62 


6.15 


34 


99.99 


0.99 


99.93 


2.73 


99.80 


4.48 


99.62 


6.21 


36 


99.99 


1.05 


99.92 


2.79 


99.79 


4.53 


99.61 


6.27 


38 


99.99 


1.11 


99.92 


2.85 


99.79 


4.59 


99.60 


6.33 


40 


99.99 


1.16 


99.92 


2.91 


99.78 


4.65 


99.59 


6.38 


42 


99.99 


1.22 


99.91 


2.97 


99.78 


4.71 


99.59 


6.44 


44 


99.98 


1.28 


99.91 


3.02 


99.77 


4.76 


99.58 


6.50 


46 


99.98 


1.34 


99.90 


3.08 


99.77 


4.82 


99.57 


0.56 


48 


99.98 


1.40 


99.90 


3.14 


99.76 


4.88 


99.56 


6.61 


50 


99.98 


1.45 


99.90 


3.20 


99.76 


4.94 


99.56 


6.67 


52 


99.98 


1.51 


99.89 


3.26 


99.75 


4.99 


99.55 


6.73 


54 


99.98 


1.57 


99.89 


3.31 


99.74 


5.05 


99.54 


6.78 


56 


99.97 


1.63 


99.89 


3.37 


99.74 


5.11 


99.53 


6.84 


58 


99.97 


1.69 


99.88 


3.43 


99.73 


5.17 


99.52 


6.90 


60 
c = 0.76 
c = 1.00 
c = 1.26 


99.97 


1.74 


99.88 


3.49 


99.73 


5.23 


99.51 


6.96 


0.75 


0.01 
0.0 1 


0.75 


0.02 


0.75 


0.03 


0.75 


0.05 


1.00 


1.00 


0.03 


1.00 


0.04 


1.00 


0.06 


] .25 


0.02 


1.25 


0.03 


1.25 


0.05 


1.25 


0.08 



1 These tables were computed by Mr. Arthur Winslow of the State Geological 
Survey of Pennsylvania. 
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M. 


40 


6° 


fio 


70 




i 
hor. dist. 


diff. elev. 


hor. dist. 


diff. elev. 


hor. dist. 


diff. elev. 


hor. dist. 


diff. elev. 


0' 


99.51 


6.96 


99.24 


8.68 


98.91 


10.40 


98.51 


12.10 


2 


99.51 


7.02 


99.23 


8.74 


98.90 


10.45 


98.50 


12.15 


4 


99.50 


7.07 


99.22 


8.80 


98.88 


10.51 


98.48 


12.21 


6 


99.49 


7.13 


99.21 


8.85 


98.87 


10.57 


98.47 


12.26 


8 


99.48 


7.19 


99.20 


8.91 


98.86 


10.62 


98.46 


12.32 


10 


99.47 


7.25 


! 99.19 

1 


8.97 


98.85 


10.68 


98.44 


12.38 


12 


99.46 


7.30 


i 99.18 


9.03 


98.83 


10.74 


98.43 


12.43 


14 


99.46 


7.36 


! 99.17 


9.08 


98.82 


10.79 


98.41 


12.49 


16 


99.45 


7.42 


99.16 


9.14 


98.81 


10.85 


98.40 


12.55 


18 


99.44 


7.48 


99.15 


9.20 


98.80 


10.91 


98.39 


12.60 


20 


99.43 


7.53 


99.14 


9.25. 


98.78 


10.96 


98.37 


12.66 


22 


99.42 


7.59 


99.13 


9.31 


98.77 


11.02 


98.36 


12.72 


24 


99.41 


7.65 


99.11 


9.37 


98.76 


11.08 


98.34 


12.77 


26 


99.40 


7.71 


99.10 


9.43 


98.74 


11.13 


98.33 


12.83 


28 


99.39 


7.76 


99.09 


9.48 


98.73 


11.19 


98.31 


12.88 


30 


99.38 


7.82 


99.08 


9.54 


98.72 


11.25 


98.29 


12.94 


32 


99.38 


7.88 


99.07 


9.60 


98.71 


11.30 


98.28 


13.00 


34 


99.37 


7.94 


99.06 


9.65 


98.69 


11.36 


98.27 


13.05 


36 


99.36 


7.99 


99.05 


9.71 


98.68 


11.42 


98.25 


13.11 


38 


99.35 


8.05 


99.04 


9.77 


98.67 


11.47 


98.24 


13.17 


40 


99.34 


8.11 


99.03 


9.83 


98.65 


11.53 


98.22 


13.22 


42 


99.33 


8.17 


99.01 


9.88 


98.64 


11.59 


98.20 


13.28 


44 


99.32 


8.22 


99.00 


9.94 


98.63 


11.64 


98.19 


13.33 


46 


99.31 


8.28 


98.99 


10.00 


98.61 


11.70 


98.17 


13.39 


48 


99.30 


8.34 


98.98 


10.05 


98.60 


11.76 


98.16 


13.45 


50 


99.29 


8.40 


98.97 


10.11 


98.58 


11.81 


98.14 


13.50 


52 


99.28 


8.45 


98.96 


10.17 


98.57 


11.87 


98.13 


13.56 


• 54 


99.27 


8.51 


98.94 


10.22 


98.56 


11.93 


98.11 


13.61 


56 


99.26 


8.57 


98.93 


10.28 


98.54 


11.98 


98.10 


13.67 


58 


99.25 


8.63 


98.92 


10.34 


98.53 


12.04 


98.08 


13.73 


60 
c = 0.75 
c = 1.00 
c = 1.25 


99.24 


8.68 


98.91 


10.40 


98.51 


12.10 


98.06 


13.78 


0.75 


0.06 


0.75 


0.07 


0.75 


0.08 


0.74 


0.10 


1.00 


0.08 


0.99 


0.09 


0.99 


0.11 


0.99 


0.13 


1.26 


0.10 


1.24 


0.11 


1.24 


0.14 


1.24 


0.16 



JiTADIA TABLED 



S3 



-- 




fP 




- 


l«p 


1 


lio 




ifjT. ifst 


i:* e>x. 


)ii>x £«:. 


£i*:«irr. 


^v. <&s. 


dif: «Wt. 


 


<y 


1«A« 


l:; 7> 


97.5-j 


15.45 


<^.f«ji 


17.10 


«i.^ 


18,73 ; 


2 


f>.v«o 


13. >4 


97.-:;:5 


15.51 


V<>.«> 


17.16 


i^.34 


18,78 i 

 


4 


«?AV> 


I3.y^ 


97.52 


15.56 


i^.<^ 


17.21 


9»x:^ 


18,81 , 


6 


f^.Ol 


13.:m 


97.50 


15 62 


«-«,fi 


17.26 


9<>.29 


18.5^> 


8 


&^.'» 


14.01 


97.48 


15.67 


96.t^ 


17.32 


1^127 


18.95 • 


10 


f»7Ji^ 


14.« 


97.46 


15.73 


96.8c> 


17.37 


96.25 


19.00 


12 




14.12 


97.44 


15.78 


ft;.>6 


17.43 


1)^23 


19.05 


14 


97J1:»0 


14.17 


97.43 


15.84 


9i;.84 


17.4^ 


1H5.21 


19.11 


16 


97.&3 


14.23 


97.41 


15.89 


S«.^2 


17.^ 


1^.18 


19.16 


18 


C*7^2 


14.28 


97.39 


15.95 


iit>.5?0 


17.51* 


$^5.16 


19.21 


20 


97i«) 


14.:U 


97.37 


16.rt3 


96.78 


17.t5o 


56-14 


19^7 


22 


&7.S8 


14.40 


97.35 


16.0> 


96.76 


17.70 


96.12 


19.;^ 


24 


&7.?7 


14.45 


97.33 


16.11 


l«.74 


17.76 


r6.09 


19.38 


26 


97.N5 


14.51 


97.31 


16.17 


96.72 


17.81 


96.07 


19.43 


28 


97.N5 


14.56 


97.29 


16.22 


96.70 


17.86 


96.05 


19.48 


30 


97.^2 


14.62 


97.28 


16.28 


96.68 


17.92 


96.1»3 


19.54 


32 


97.8*1 


14.67 


97.26 


16.33 


96.66 


17.97 


96.00 


19.59 


34 


97.78 


14.73 


97.24 


16.39 


96.64 


18.0;? 


9o.ViS 


19.W 


36 


97.76 


14.79 


97.22 


16.44 


96.62 


18.08 


1^.1 6 


19,70 


38 


97.75 


14.K4 


97.20 


Itj.otl 


96.60 


18.14 


95.93 


19.75 


40 


97.73 


14.£*0 


97.18 


16.55 


96.57 


18.19 


95.91 


19.80 


42 


97.71 


14.95 


97.16 


16.61 


96.55 


18.24 


95.89 


19.86 


44 


97.69 


1501 


97.14 


16.66 


96.5:5 


18.30 


95.8ti 


19.91 


46 


97.68 


15.06 


97.12 


16.72 


96.51 


18.35 


95.84 


19.96 


48 


97.66 


15.12 


97.10 


16.77 


96.49 


18.41 


95.82 


20.02 


50 


97.64 


15.17 


97.08 


16.8:J 


. 96.47 


, 18.46 


95.79 


i 20,07 

• 


52 


97.62 


15.23 


97.06 


16.88 


96.45 


18.51 


95.77 


i 20.12 


54 


97.61 


15.28 


97.04 


16.94 


9<?.42 


18.57 


! 95.75 


' 20.18 


56 


97.59 


15.34 


97.02 


 16.99 


96.40 


1 18.62 


95.72 


20.23 


58 


97.57 


15.40 


97.00 


17.05 


96. o8 


18.68 


: 95.70 


20.28 


60 
c = 0.75 
c = 1.00 

c = 1.25 

1 


97.55 


15.45 


96.98 


: 17.10 


96.36 


18.73 


' 95.68 

1 


20.34 


0.74 


0.11 


0.74 


0.12 


0.74 


0.14 


0.73 


1 0.15 


0.99 


0.15 


0.i>9 


0.16 

* 


0.98 


0.18 


0.98 


0.20 
0.25 


1.23 


. 0.18 

I 


1.23 


0.21 

f 

1 


1.23 


0.23 


1.22 
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STADIA TABLES. 



H. 


120 


180 


140 

1 


U 


>o 




hor. dist. 


diff. elev. 


hor. dist. 


diff. elev. 


hor. dist. 


diff. elev. 


hor. dist. 


diff. elev. 


0' 


95.68 


20.34 


94.94 


21.92 


94.16 


23.47 


93.30 


25.00 


2 


95.65 


20.39 


94.91 


21.97 


94.12 


23.52 


93.27 


26.05 


4 


 95.63 


20.44 


94.89 


22.02 


94.09 


23.68 


93.24 


26.10 


6 


95.61 


20.50 


94.86 


22.08 


94.07 


23.63 


93.21 


25.16 


8 


95.58 


20.55 


94.84 


22.13 


94.04 


23.68 


93.18 


26.20 


10 


95.56 


20.60 


94.81 


22.18 


94.01 


23.73 


93.16 


26.25 


12 


95.63 


20.66 


94.79 


22.23 


93.98 


23.78 


93.13 


25.30 


14 


95.61 


20.71 


94.76 


22.28 


93.95 


23.83 


93.10 


25.36 


16 


95.49 


20.76 


94.73 


22.34 


93.93 


23.88 


93.07 


25.40 


18 


95.46 


20.81 


94.71 


22.39 


93.90 


23.93 


93.04 


25.45 


20 


95.44 


20.87 


94.68 


22.44 


93.87 


23.99 


93.01 


26.50 


22 


95.41 


20.92 


94.66 


22.49 


93.84 


24.04 


92.98 


25.66 


24 


96.39 


20.97 


94.63 


22.54 


93.81 


24.09 


92.95 


25.60 


26 


95.36 


21.03 


94.60 


22.60 


93.79 


24.14 


92.92 


25.66 


28 


95.34 


21.08 


94.58 


22.65 


93.76 


24.19 


92.89 


25.70 


30 


95.32 


21.13 


94.55 


22.70 


93.73 


24.24 


92.86 


26.75 


32 


95.29 


21.18 


94.52 


22.75 


93.70 


24.29 


92.83 


26.80 


34 


95.27 


21.24 


94.50 


22.80 


93.67 


24.34 


92.80 


26.86 


36 


95.24 


21.29 


94.47 


22.85 


93.65 


24.39 


92.77 


26.90 


38 


95.22 


21.34 


94.44 


22.91 


93.62 


24.44 


92.74 


25.96 


40 


95.19 


21.39 


94.42 


22.96 


93.59 


24.49 


92.71 


26.00 


42 


96.17 


21.45 


94.39 


23.01 


93.66 


24.55 


92.68 


26.05 


44 


95.14 


21.50 


94.36 


23.06 


93.53 


24.60 


92.65 


26.10 


46 


95.12 


21.55 


94.34 


23.11 


93.50 


25.65 


92.62 


26.16 


48 


95.09 


21.60 


94.31 


23.16 


93.47 


24.70 


92.59 


26.20 


50 


95.07 


21.60 


94.28 


23.22 


93.46 


24.75 


92.56 


26.25 


52 


95.04 


21.71 


94.26 


23.27 


93.42 


24.80 


92.53 


26.30 


54 


95.02 


21.76 


94.23 


23.32 


93.39 


24.85 


92.49 


26.36 


66 


94.99 


21.81 


94.20 


23.37 


93.36 


24.90 


92.46 


26.40 


58 


94.97 


21.87 


94.17 


23.42 


93.33 


24.95 


92.43 


20.46 


60 
c = 0.75 
c= 1.00 
c = 1.25 


94.94 
0.73 


21.92 


94.15 


23.47 


93.30 


25.00 


92.40 


26.50 


0.16 


0.73 


0.17 


0.73 


0.19 


0.72 


0.20 


0.98 


0.22 


0.97 


0.23 


0.97 


0.25 


0.00 


0.27 


1.22 


0.27 


1.21 


0.29 


1.21 


0.31 


1.20 


0.34 



STADIA TABLES. 
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H. 


16P 


170 


1 
ISO 


l»o 




hor. dist. 


diff. elev. 


hor. dist. 


diflf. elev. 


hor. dist. 


diff. elev. 


hor. dist. 


diflf. elev. 


0' 


92.40 


26.50 


91.45 


27.96 


90.45 


29.39 


89.40 


30.78 


2 


92.37 


26.55 


91.42 


28.01 


90.42 


29.44 


89.36 


30.83 


4 


92.34 


26.59 


91.39 


28.06 


90.38 


29.48 


89.32 


30.87 


6 


92.31 


26.64 


91.35 


28.10 


90.35 


29.53 


89.29 


30.92 


8 


92-28 


26.69 


91.32 


28.15 


90.31 


29.58 


89.26 


30.97 


10 


92.25 


26.74 


91.29 


28.20 


90.28 


29.62 


89.22 


31.01 


12 


92.22 


26.79 


91.26 


28.25 


90.24 


29.67 


89.18 


31.06 


14 


92.19 


26.84 


91.22 


28.30 


90.21 


29.72 


89.15 


31.10 


16 


92.15 


26.89 


91.19 


28.34 


90.18 


29.76 


89.11 


31.15 


18 


92.12 


26.94 


91.16 


28.39 


90.14 


29.81 


89.08 


31.19 


20 


92.09 


26.99 


91.12 


28.44 


90.11 


29.86 


89.04 


31.24 


22 


92.06 


27.04 


91.09 


28.49 


90.07 


29.J)0 


89.00 


31.28 


24 


92.03 


27.09 


91.06 


28.54 


90.04 


29.95 


88.96 


31.33 


26 


92.00 


27.13 


91.02 


28.58 


90.00 


30.00 


88.93 


31.38 


28 


91.97 


27.18 


90.99 


28.63 


89.97 


30.04 


88.89 


31.42 


30 


91.93 


27.23 


90.96 


28.68 


89.93 


30.09 


88.86 


31.47 


32 


91.90 


27.28 


90.92 


28.73 


89.90 


30.14 


88.82 


31.51 


34 


91.87 


27.33 


90.89 


28.77 


89.86 


30.19 


88.78 


31.56 


36 


91.84 


27.38 


90.86 


28.82 


89.83 


30.23 


88.75 


31.60 


38 


91.81 


27.43 


90.82 


28.87 


89.79 


30.28 


88.71 


31.65 


40 


91.77 


27.48 


90.79 


28.92 


89.76 


30.32 


88.67 


31.69 


42 


91.74 


27.52 


90.76 


28.96 


89.72 


30.37 


88.64 


31.74 


44 


91.71 


27.57 


90.72 


29.01 


89.69 


30.41 


88.60 


31.78 


46 


91.68 


27.62 


90.69 


29.06 


89.65 


30.46 


88.56 


31.83 


48 


91.65 


27.67 


90.66 


29.11 


89.61 


30.51 


88.53 • 


31.87 


50 


91.61 


27.72 


90.62 


29.15 


89.58 


30.55 


88.49 


31.92 


52 


91.58 


27.77 


90.59 


29.20 


89.54 


30.60 


88.45 


31.96 


54 


91.55 


27.81 


90.55 


29.25 


89.51 


30.65 


88.41 


32.01 


56 


91.52 


27.86 


90.52 


29.30 


89.47 


30.69 


88.38 


32.05 


68 


91.48 


27.91 


90.48 


29.34 


89.44 


30.74 


88.34 


32.09 


60 
c = 0.75 
c = 1.00 
c = 1.25 


91.45 


27.96 
0.21 


90.45 

1 


29.39 


89.40 


30.78 


88.30 


32.14 


0.72 


0.72 


0.23 


0.71 


0.24 


0.71 


0.25 
0.33 


0.96 


0.28 


0.05 


0.30 


0.95 


0.32 


0.94 


1.20 


0.36 


1.19 


0.38 


1.19 


0.40 


1.18 


0.42 
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STADIA TABLES. 



M. 


20° 


210 


220 


23° 




hor. dist. 


diflf. elev. 


hor. dist. 


diff. elev. 


hor. dist. 


diff. elev. 


hor. dist. 


diff. elev. 


0' 


88.30 


32.14 


87.16 


33.46 


85.97 


34.73 


84.73 


35.97 


2 


88.26 


32.18 


87.12 


33.50 


85.93 


34.77 


84.69 


30.01 


4 


88.23 


32.23 


87.08 


33.54 


85.89 


34.82 


84.65 


3(5.05 


6 


88.19 


32.27 


87.04 


33.59 


85.85 


34.86 


84.61 


36.09 


8 


88.15 


32.32 


87.00 


33.03 


85.80 


34.90 


8*. 57 


30.13 


10 


88.11 


32.36 


86.96 


33.67 


85.76 


34.94 


84.52 


36.17 


12 


88.08 


32.41 


86.92 


33.72 


85.72 


34.98 


84.48 


36.21 


14 


88.04 


32.45 


86.88 


33.76 


85.68 


35.02 


84.44 


36.25 


16 


88.00 


32.49 


86.84 


33.80 


85.64 


35.07 


84.40 


36.29 


18 


87.96 


32.64 


86.80 


33.84 


85.60 


35.11 


81.35 


36.33 


20 


87.93 


32.58 


86.77 


33.89 


85.56 


35.15 


84.31 


30.37 


22 


87.89 


32.63 


86.73 


33.93 


85.52 


35.19 


84.27 


36.41 


24 


87.85 


32.07 


86.69 


33.97 


85.48 


35.23 


84.23 


36.46 


26 


87.81 


32.72 


86.65 


34.01 


86.44 


35.27 


84.18 


36.49 


28 


87.77 


32.76 


86.61 


34.06 


85.40 


35.31 


84.14 


36.53 


30 


87.74 


32.80 


86.57 


34.10 


85.36 


35.36 


84.10 


36.57 


32 


87.70 


32.85 


86.53 


34.14 


85.31 


35.40 


84.06 


36.61 


34 


87 66 


32.89 


86.49 


34.18 


85.27 


35.44 


84.01 


3(').65 


36 


87.62 


32.93 


86.45 


34.23 


85.23 


35.48 


83.97 


36.69 


38 


87.58 


32.98 


86.41 


34.27 


85 19 


35.52 


83.93 


36.73 


40 


87.64 


33.02 


86.37 


34.31 


85.15 


35.56 


83.89 


36.77 


42 


87.51 


33.07 


86.33 


34.35 


85.11 


36.60 


83.84 


36.80 


44 


87.47 


33.11 


86.29 


34.40 


85.07 


35.64 


83.80 


36.84 


46 


87.43 


33.15 


86.25 


34.44 


85.02 


35.68 


83.76 


36.88 


48 • 


87.39 


33.20 


86.21 


34.48 


84.98 


35.72 


83.72 


36.92 


60 


87.35 


33.24 


86.17 


31.62 


84.94 


35.76 


83.67 


36.96 


52 


87.31 


33.28 


86.13 


34.67 


84.90 


35.80 


83.63 


37.00 


54 


87.27 


33.33 


86.09 


34.61 


84.86 


35.85 


83.59 


37.04 


56 


87.24 


33.37 


86.05 


34.65 


84.82 


35.89 


83.54 


37.08 


68 


87.20 


33.41 


86.01 


34.69 


84.77 


35.93 


83.50 


37.12 


60 
c = 0.75 
c = 1.00 
c = 1.25 


87:i6 


33.46 


85.97 


34.73 


84.73 


35.97 


83.46 


37.16 


0.70 


0.26 


0.70 


0.27 


0.69 


0.29 


0.69 


0.30 


0.94 


0.35 


0.93 


0.37 


0.92 


0.38 


0.92 


0.40 


1.17 


0.44 


1.16 


0.46 


1.15 


0.48 


1.16 


0.60 



STADIA TABLES. 
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M. 


t%o 


2SO 


S6<> 


2' 


70 




1 hor. dist 


diff. eleT. 


hor. dbt. 


diff. eler. 


hor. dist. 


diff. elev. 


hor. dist. 


diff. elev. 


0' 


83.46 


37.16 


82.14 


38.30 


80.78 


39.40 


79.39 


40.45 


2 


83.41 


37.20 


82.09 


38.34 


80.74 


39.44 


79.34 


40.49 


4 


83.37 


37.23 


82.05 


38.:i8 


80.69 


; 39.47 


79.30 


40.52 


6 • 


83.33 


37.27 


82.01 


38.41 


80.65 


39.51 


79.25 


40.55 


8 


83.28 


37.31 


81.96 


38.45 


80.60 


39.54 


79.20 


40.59 


10 


83.24 


37.35 


81.92 


38.49 


80.55 


39.58 


79.15 


40.62 


12 


83.20 


37.39 


81.87 


38.53 


80.51 


39.61 


79.11 


40.66 


14 


8:^.15 


37.43 


81.83 


38.56 


80.46 


39.65 


79.06 


40.69 


16 


8:5.11 


37.47 


81.78 


38.60 


80.41 


. 39.69 


79.01 


40.72 


18 


83.07 


37.51 


81.74 


38.64 


80.37 


j 39.72 


78.96 


40.76 


20 


83.02 


37.54 


81.69 


38.67 


80.32 


. 39.76 


78.92 


40.79 


22 


82.08 


37.58 


81.65 


38.71 


80.28 


! 39.79 


78.87 


40.82 


24 


82.03 


37.62 


81.60 


38.75 


80.23 


! 39.83 


78.82 


40.86 


26 


82.89 


37.66 


81.56 


38.78 


80.18 


39.86 


78.77 


40.89 


28 


82.85 


37.70 


81.51 


38.82 


80.14 


; 39.90 


78.73 


40.92 


30 


82.80 


37.74 


81.47 


38.86 


80.09 


> 39.93 


78.68 


40.96 


32 


82.76 


37.77 


81.42 


38.89 


80.04 


] 39.97 


78.63 


40.99 


34 


82.72 


37.81 


81.38 


38.93 


80.00 


1 40.00 


78.58 


41.02 


36 


82.67 


37.85 


81.33 


38.97 


79.95 


40.04 


78.54 


41.06 


38 


82.63 


37.89 


81.28 


39.00 


79.90 


40.07 


78.49 


41.09 


40 


82.58 


37.93 


81.24 


39.04 


79.86 


! 40.11 

1 


78.44 


41.12 


42 


82.54 


37.96 


81.19 


39.08 


79.81 


i 40.14 

1 


78.39 


41.16 


44 


82.49 


38.00 


81.15 


39.11 


79.76 


 40.18 


78.34 


41.19 


46 


82.45 


38.04 


81.10 


39.15 


79.72 


1 40.21 


78.30 


41.22 


48 


82.41 


38.08 


81.06 


39.18 


79.67 


, 40.24 


78.25 


41.26 


50 


82.36 


38.11 


81.01 


39.22 


79.62 


40.28 


78.20 


41.29 


52 


82.32 


38.15 


80.97 


39.26 


79.58 


1 40.31 


78.15 


41.32 


54 


82.27 


38.19 


80.92 


39.29 


79.53 


40.35 


78.10 


41.35 


56 


82.23 


38.23 


80.87 


39.33 


79.48 


i 40.38 


78.06 


41.39 


58 


82.18 


38.26 


80.83 


39.36 


79.44 


40.42 


78.01 


41.42 


60 
c = 0.75 
c = 1.00 
c = 1.25 


82.14 


38.30 


80.78 


39.40 


79.39 


' 40.45 

1 


77.96 


41.45 


0.68 


0.31 


0.68 


0.32 


0.67 


! 0.33 

1 


0.66 


0.35 


0.91 


0.41 


0.90 


0.43 


0.89 


' 0.45 


0.89 


0.46 


1.14 


0.52 


1.13 


0.54 


1.12 


, 0.56 

i 


1.11 

1 


0.58 



58 



STADIA TABLES. 



A> 


280 


290 


30O 




hor. di.st. 


diff. elev. 


hor. dist. 


diff. elev. 


hor. dist. 


diff. elev. 


0' 


77.96 


41.45 


76.50 


42.40 


75.00 


43.30 


2 


77.91 


41.48 


76.45 


42.43 


74.95 


43.33 


4 


77.86 


41.52 


76.40 


42.46 


74.90 


43.36 


6 


77.81 


41.55 


76.35 


42.49 


74.85 


• 43.39 


8 


77.77 


41.58 


76.30 


42.53 


74.80 


43.42 


10 


77.72 


41.61 


76.26 


42.56 


74.75 


43.45 


12 


77.67 


41.65 


76.20 


42.59 


74.70 


43.47 


14 


77.62 


41.68 


76.15 


42.62 


74.65 


43.50 


16 


77.57 


41.71 


76.10 


42.65 


74.60 


43.53 


18 


77.52 


41.74 


76.05 


42.68 


74.55 


43.56 


20 


77.48 


41.77 


76.00 


42.71 


74.49 


43.59 


22 


77.42 


41.81 


75.95 


42.74 


74.44 


43.62 


24 


77.38 


41.84 


75.90 


42.77 


74.39 


43.65 


26 


77.33 


41.87 


75.85 


42.80 


74.34 


43.67 


28 


77.28 


41.90 


75.80 


42.83 


74.29 


43.70 


30 


77.23 


41.93 


75.75 


42.86 


74.24 


43.73 


32 


77.18 . 


41.97 


75.70 


42.89 


74.19 


43.76 


34 


77.13 


42.00 


75.65 


42.92 


74.14 


43.79 


36 


77.09 


42.03 


75.60 


42.95 


74.09 


43.82 


38 


77.04 


42.06 


75.55 


42.98 


74.04 


43.84 


40 


76.99 


42.09 


75.50 


43.01 


73.99 


43.87 


42 


76.94 


42.12 


75.45 


43.04 


73.93 


43.90 


44 


76.89 


42.15 


76.40 


43.07 


73.88 


43.93 


46 


76.84 


42.19 


75.35 


43.10 


73.83 


43.95 


48 


76.79 


42.22 


75.30 


43.13 


73.78 


43.98 


50 


76.74 


42.25 


75.25 


43.16 


73.73 


44.01 


62 


76.69 


42.28 


75.20 


43.18 


73.68 


44.04 


54 


76.64 


42.31 


75.15 


43.21 


73.03 


44.07 


56 


76.59 


42.34 


75.10 


43.24 


73.58 


44.09 


58 


76.55 


42.37 


75.05 


43.27 


73.52 


44.12 


60 
c = 0.75 
c= 1.00 
c = 1.25 


76.50 


42.40 


75.00 


43.30 


73.47 


44.15 


0-06 


0.36 


0.65 


0.37 


0.05 


0.38 


0.88 


0.48 


0.87 


0.49 


0.8G 


0.51 


1.10 


0.60 


1.09 


0.62 


1.08 


0.G4 



A TABLE OP MEAN REFRACTIONS IN DECLINATION. 

To apply on the declination arc of Solar Attachment of 
either Compasses or Transits. 

Computed by Eowabd W. Armb, C. E., for W. & L. E. Quklbt. Troy, N. Y. 





DECLINATIONS. 














< 

o 

n 

Oh. 






For Latitudb 15°. 








+ 20° 


4-15° 


+ 10" 


+ 5° 


0° 


-5° 


-10° 


-15^ 


-20" 


-05" 


0" 


! +05'' 


10" 


15" 


21" 


27" 


S3" 


40" 


2 


-03 


+02 


07 


12 


18 


23 


29 


36 


43 


3 


+01 


05 


11 


16 


22 


28 


34 


41 


49 


4 


08 


12 


19 


24 


80 


37 


44 


53 


1'04 


5 


29 


34 


41 


49 


69 


I'lO 


1'24 


r43 


208 


For Latitudb 17® 30'. 


Oh. 


. -02" 


+02" 


08" 


13" 


18" 


24" 


30" 


86" 


44" 


2 





05 


10, 


15 


21 


27 


33 


40 


48 


3 


+02 


10 


15 


2] 


27 


33 


40 


48 


57 


4 


13 


18 


28 


29 


35 


43 


61 


roi 


1'13 


5 


34 


41 


49 


58 


no 


1'23 


1'41 


206 


242 








For La 




J0°. 








nruDB S 


Oh. 


0" 


oy 


10" 


15" 


21" 


27" 


83" 


40" 


48" 


2 


03 


or 


18 


18 


24 


30 


86 


44 


62 


8 


06 


13 


18 


24 


30 


36 


44 


52 


1'02 


4 


17 


22 


28 


85 


42 


60 


I'CO 


rii 


126 


5 


39 


47 


57 


1'07 


1^20 


1^37 


2C0 


2 82 


8 25 


Fob Latitudb 22° SC. 


Oh. 


02" 


08" 


13" 


18" 


24" 


30" 


86'' 


44" 


62" 


2 


06 


11 


15 


21 


27 


33 


40 


48 


67 


3 


11 


15 


21 


27 


33 


40 


48 


67 


1'08 


4 


20 


26 


32 


39 


46 


56 


1'07 


1'19 


187 


5 


45 


53 


1'03 


ri6 


1'31 


I'ca 


2 21 


3 07 


428 








For Latitude 25". 








Oh. 


05" 


10" 


15" 


21" 


27" 


33" 


40" 


48" 


57" 


2 


08 


14 


19 


25 


31 


38 


46 


54 


1'05 


3 


12 


18 


^ 


30 


87 


44 


63 


ro4 


118 


4 


23 


29 


35 


45 


68 


1'03 


1'16 


131 


152 


' 


49 


59 


I'lO 


1^24 


1'52 


2 07 


244 


346 


6 43 



69 



5 






DBCT.TNATIONS. 












Foa Latttudb 27" SO'. 








g 




















1 










O 

m 


4-20'' 


+ 15' 


+ 10° 


+ 0^ 


0' 


-5" 


-10^ 


-15^ 


-SO** 


Oh. 


08" 


13" 


18" 


24" 


80" 


86" 


44" 


62" 


1'02" 


8 


n 


16 


82 


28 


84 


41 


49 


I'OO 


110 


8 


17 


22 


28 


35 


42 


60 


I'OO 


111 


120 


4 


SB 


85 


42 


50 


1'03 


111 


ISO 


143 


2 CO 


5 


54 


ro5 


ri8 


1'34 


154 


224 


811 


488 


8 15 








Fob La 


^ 


»". 








TTTUDB i 


Oh. 


10" 


15" 


21" 


27" 


88" 


40" 


48" 


57" 


l'C8" 


2 


14 


19 


26 


81 


88 


46 


64 


1'05 


118 


8 


20 


26 


82 


89 


47 


65 


1'06 


119 


136 


4 


32 


39 


46 


52 


1'06 


119 


185 


157 


229 


5 


I'OO 


no 


1^24 


1'52 


207 


244 


346 


648 


13 06 








For TiATiTUDB 82«» 80'. 








Oh. 


13" 


18" 


24" 


80" 


86" 


44" 


52" 


1'02" 


114" 


9 


17 


22 


28 


35 


49 


60 


I'OO 


111 


126 


8 


28 


29 


86 


43 


51 


I'Ol 


113 


128 


147 


4 


35 


43 


51 


I'Ol 


1'18 


127 


140 


213 


254 


5 


ro8 


115 


1'31 


153 


220 


8 05 


425 


736 










For Latitude 36". 








Oh. 


16" 


21" 


27" 


83" 


40" 


48" 


57" 


1'08" 


1'21" 


2 


20 


2ft 


82 


88 


46 


55 


106 


118 


185 


8 


26 


38 


89 


47 


66 


1'07 


121 


188 


200 


4 


39 


47 


56 


1'07 


1'20 


186 


159 


232 


826 


5 


1'07 


1«» 


1'38 


200 


234 


829 


614 


1016 




Po3 Latttudib 87" SO'. 


Oh. 


18" 


24" 


30" 


30" 


44" 


52" 


1'02" 


114" 


1'29" 


2 


22 


28 


35 


42 


60 


I'OO 


112 


120 


145 


8 


29 


36 


43 


52 


I'OS 


114 


129 


149 


216 


4 


43 


51 


I'Ol 


ri8 


127 


149 


2 14 


254 


406 


5 


ru 


1'26 


154 


210 


249 


855 


615 


14 58 










For Latitude 40". 








Oh. 


21" 


27" 


83" 


40" 


48" 


67" 


1'08" 


1'21" 


I'sy 


2 


25 


82 


89 


46 


62 


1'06 


1 19 


135 


157 


3 


33 


40 


48 


67 


1'08 


121 


138 


2m 


236 


4 


47 


55 


1'06 


1'19 


186 


158 


230 


8 21 


4 59 


5 


115 


1'31 


lOi 


220 


805 


425 


7»4 


2518 










For Latitudb 42" 30'. 


« 






Oh. 


24" 


80" 


80" 


44,/ 


52" 


1'02" 


114" 


1'29" 


1'49" 


2 


28 


85 


89 


50 


I'OO 


112 


126 


145 


211 


8 


36 


43 


52 


1'02 


118 


129 


149 


2 17 


269 


4 


50 


roo 


I'll 


126 


141 


210 


2 49 


855 


616 


6 


1'16 


186 


158 


280 , 


822 


500 


924 







60 



n 



< 






DECLINATIONS. 












Fob 




b46«. 








LATITUI] 


^ 

3 
































o 

Oh. 


+ 20" 


+ 15" 


+ 10" 


+5" 


0" 


-5" 


-10" 


-15" 


-20" 


27" 


88" 


40" 


48" 


67" 


1'08" 


1^21" 


1'89" 


2'02" 


2 


32 


39 


46 


m 


ro6 


119 


135 


157 


229 


8 


40 


47 


56 


1'07 


121 


138 


200 


284 


829 


4 


54 


ro4 


1'16 


133 


154 


224 


811 


438 


815 


5 


1'23 


141 


205 


2 41 


340 


640 


12 02 












Fob Latitudb 47° 9y. 




• 




Oh. 


sy 


88" 


44" 


62" 


1'02" 


1'14" 


1'29" 


1'49" 


^18" 


3 


85 


42 


50 


I'OO 


112 


126 


145 


2 01 


2 51 


8 


43 


51 


101 


113 


128 


147 


215 


256 


406 


4 


56 


1'09 


123 


140 


205 


240 


8 39 . 


5 37 


1118 


5 


1'27 


146 


2 12 


252 


401 


630 


1619 






Fob TiAtitudb 60°. 


Oh. 


83" 


40" 


48" 


67" 


1'08" 


rai" 


1'39" 


2'02" 


2'36" 


2 


88 


46 


55 


1'06 


118 


135 


157 


228 


819 


3 


47 


56 


1'06 


119 


186 


229 


2 31 


8 23 


502 


4 


1'02 


1'14 


129 


148 


216 


2 58 


418 


659 


19 47 


5 


180 


151 


219 


304 


422 


728 


2410 






Fob Latitude 52° SO'. 


Oh. 


86" 


44" 


62" 


1'02" 


1'14" 


1'29" 


1'49" 


2'18" 


3'05" 


2 


43 


50 


59 


111 


126 


142 


228 


2 49 


855 


3 


50 


I'OO 


I'll 


126 


145 


211 


2 51 


258 


622 


4 


105 


118 


135 


210 


228 


3 19 


453 


842 




5 


134 


156 


2 27 


816 


447 


862 








Fob Latitude 55^ 


Oh. 


40" 


48" 


S7" 


1'08" 


1'21" 


1'39" 


2'02" 


2'36" 


3'33" 


2 


46 


55 


1'05 


118 


134 


156 


230 


815 


4 47 


3 


65 


1'06 


119 


135 


158 


230 


8 21 


458 


919 


4 


I'lO 


123 


142 


206 


243 


8 44 


6 49 


12 41 




5 


137 


2 01 


234 


828 


515 


1018 








Fob Latitude &7» aO'. 


Oh. 


44" 


52" 


1'02" 


1'14" 


1'29" 


1'49" 


2'18" 


8'05" 


4'37" 


2 


50 


59 


111 


125 


143 


209 


2 47 


8 61 


6 04 


3 


58 


I'lO 


124 


142 


2 07 


2 43 


8 45 


550 


12 47 


4 


rii 


125 


143 


210 


250 


855 


614 


14 49 




5 


141 


206 


2 42 


842 


546 


12 26 








Fob Latitudb fiO®. 


Oh. 


48" 


57" 


1'08" 


1'21" 


1'89" 


2'02" 


2^86" 


8^88" 


5'23" 


2 


54 


1'04 


117 


133 


154 


224 


812 


488 


816 


8 


1'08 


115 


130 


151 


220 


804 


424 


7 81 


24 44 


4 


118 


134 


156 


228 


818 


450 


858 






5 


146 


211 


250 


857 


621 


15 32 









61 



> V\-^ 



f 



\ 



K 



\ 



